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PREFACE 



This study , Complex Syllable Nuclei in Vietnamese , is 
the sixth publication in the series Studies in the Phonology of 
Asian Languages . It is a result of a research project sponsored 
by the Office of Naval Research , whose f inane ial support of the 
project is gratefully acknowledged* This volume serves as a 
technical report for the contract NR OU9-I83, Nonr 228(28) • 

The first volume of the series , Ac oust ic Phonetic s of 
Korean » Technical Report No, I, was devoted to the acoustic- 
phonetic study of Korean vowels. The second volume was Dura- 
tion of Korean Vowels ; the third, Ac oust ic Character is tic s of 
Korean Stop Consonants ; the fourth, Vietnamese Vowels ; and the 
fifth. Acoustic Features in the Manner-Differentiation of Korean 
Stop Consonants , The present volume, VI, is devoted to the study 
of complex syllable nuclei in Vietnamese, Studies on other pho- 
nological features of Korean, Vietnamese, and other Asian lan- 
guages are in progress and the results will be reported in the 
near future , 

Much of the experimental work of this study was carried 
out by Michael Earle, while the editorial work was done by Haruo 
Furukawa and Sylvia Buck. 

Mieko S, Han 

Los Angeles, California 
January 1968 



TABLE OF CONTENTS 

PREFACE ii 

1. PROBLEMS IN THE ANALYSIS OF VIETNAMESE 

COMPLEX SYLLABLE NUCLEI 1 

2. MATERIALS AND TECHNIQUE 7 

Informants 
Tape Recordings 

The Spectrograph and Spectrograms 
Formants and Formant Measurement 
Amplitude 

3. TftRCTST QUALITIES OF COMPLEX NUCLEI 13 

U. COMPLKX NUCLEI IN VARIED ENVIRONMENTS 51 

CONCI.at'TON 92 



lii 



Chapter 1 

PROBLEMS IN THE ANALYSIS OF 
VIETNAMESE COMPLEX SYLLABLE NUCLEI 

In volume IV of this series^ Studies in the Phonolof^y 
of Asian Lan>7:uGKe3; Vietnamese Vovel> , the eleven simple vowel 
phonemes of the Hanoi dialect of Vietnainese were studied and 
described, Formant 1 and Formant 2 of the eleven vowels were 
measured and analysed; the domains of the vowel phonemes 
relative to one another were studied- tonal and consonantal 
influences on vowel quality were noted: ^ study on the 

inherent duration of each of the eleven vowels was carried out • 

The eleven simple vowels occur as syllable nuclei car- 
rying one of the six phonemically distinct tones. In addition 
to these simple vowels, there are certain other sequences 
which also occur as syllable nuclei. Such sequences are 
found in the following examples. 

1 ) The sequences spelled : 



y6- 


as 


in 




(to salt or pickle) 




as 


in 


"ti6n" 


( immortal ) 


-ia 


as 


in 


"tia" 


(Jet; ray) 



These three sequences all seem to have similar phonetic 
qualities in that they all sound like a high front unrounded 
vowel [i] which changes to a mid front vowel slightly more 
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centralized than [e]. This sequence is tentatively tran- 
scribed [13]. 

2) The sequences spelled: 

- ub*- a s i n " t xidn (bean sauce) 

-u%i as in "'tu^^' (preface) 

These two sequences both sound like a high central un- 
rounded vowel [ui] which moves ti^ a mid central unrounded vowel . 
Our tentative phonetic symbolizat ion for this sequence Is [uil]. 

3) The sequences spelled: 

-u6- as in "tu6n'' (to throng) 

-ua as in '^tua" (fringe) 

These two sequences both sound like a high hack rounded 
vowel [u] which moves to a mid back vowel slightly more central- 
ized than [o]. Our phonetic symbolization for this sequence 
is [U9]. 

The first segments of each of these sequences 
[uii], and [U9] have been analysed as /i/ /uj/ and /u/ by most 
analysts who have worked on Vietnamese phonology, but the 
second segments have caused disagreement. Auditory impressions 
of [5]^ li] > and [9] vary depending on the hearer's own speech 
background. The American English speaker tends to hear all 
three as something like schwa [b] ^ while speakers of other 
language backgrounds may hear something else . 

These three complex syllabi^ nuclei are heard as being 
distinctly different from the combination of a vowel plus a 
semivowel. The stress on the second element of the sequences. 



[15], [uil] ♦ and [U9], is heard as being at least equal to the 

stress on the first element. This suggests the presence of 

two target vowel qualities rather than a vowel plus a semivowel. 

V7ith regard to articulatory characteristics, all three 
sequences have tongue movement from higher to lower position. 
It is observed that the second segment of [1:5] is pronounced 
with the lips noticeably less spread than they are for [e]. 
The second segment of [U9] has much less lip rounding than [o]. 

The several analysts who have worked on Vietnamese 
phonology disagree in the analysis of these three complex syl- 
lable nuclei. The analyses of Nguyin i)inh Hoa, L6-Vftn-Ly, 
Murray B. Emeneau, and Laurence C. Thompson concerning the 
complex syllable nuclei in Vietnamese are summarized in the 
following paragraphs. It will be noted that their interpre- 
tations vary considerably. Only those portions of their works 
which deal explicitly with the phonemic analysis of the problem 
are presented here. One liberty which has been taken in 
presenting their analyses is the modification of their phonemic 
notation to make it conform to that used in this work. This 
was done to facilitate the understanding of the points of dif- 
ference between these analysts and to enable one to compare 
their analyses • 

Hod^ analyses the above mentioned complex nuclei as 
"vowel clusters" that are composed of /i/, /uj/, /u/ plus the 

Nguyin "Eiinh Hoa , Speak Vietnamese (Rev. ed.; Rutland 
Ss Tokyo: Charles E. Tuttle Co.: Publishers, 1966). 
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phoneme /a/. Therefore, 

*'ti^n" is analysed as /tiAn/ 

"tu*oh" is analysed as /tuJAn/ 

"tu6n" is analysed as /tUAn/ 
According to Hoa's analysis, the second segment of each of the 
three complex nuclei is regarded as being the same phone*ae [a] 
in all three cases. 

Emeneau's analysis^ is similar to that of Hoa's. 
Emeneau descrites tho cluster^' in question as involving move- 
ment from the higher vowels /i , uj , u/ to /a/. He interprets 
the clusters phonetically as [Ia]^, [uja], and [uj^] and phone- 
mically as /iA/, /uja/, and /ua/, respectively. 

On the other hand, Ld-Van-Ly'^ analyses the sequences as 
[ie], [uja] , and [uo] and stresses the ''monophonemat ic " char- 
acter of the sequences, saying that the two constituent 
elements [i] and [e], [uj] and [a], and [u] and [o] are indis- 
sociable, thus proving that they are single phonemes. This 
makes the total inventory of Vietnamese vowels as follows: 

^Murray B. Emeneau, ''Studies in Vietnamese (Annamese) 
Grammar," U niversity of California Publications in Linguistics > 
VIII (1951), lOrf. 

'*[aJ = unstressed [a] 

Van-Ly, Le Parlar Vletnamien (2nd ed.-, Saigon: 
B6 Quoc-Gia Giao-Duc, I960). 



/i/ /u)/ /u/1 

/ie/ /tua/ /uo/ 

/e/ /e/ /o/ 

/e/ /A/ /o/ 

/A/ /a/ 



Laurence C. Thompson^ views a ^'vowel cluster" as that 
which contains two dissimilar vowels in sequence, neither of 
which is enough less prominent than the other to qualify as a 
semivowel. In Thompson's analysis the sequences spelled 
"-ia/ "-u%i," '*-ua'* in final position are /i, ui, u/ followed 
ty /a/, while the sequences spelled "-i^-," "-i/o^-," "-u6-" in 
medial postion are /i/ + /e/, /tu/ + /e/, and /u/ + /o/, respec- 
tively. 

The main point of disagreement in the various analyses 
seems to spring from the varying interpretations of the pho«> 
net ic quality of the second segment in question. The first 
question is, then, are the sequences [ml], [U9] three 

separate phonetic movi=!mentE from three high vowels to three 
mid vowels as diagramei below, 

I UI - u 

1 1 1 

5 i e 



•^Note that this table is from Van-Ly, Le Parler 
Vietnamien > pp. t^S-^**, but the symbols have been changed to 
follow those used in this study. 

^Laurence C. Thompson, A Vietnamese Grammar (Seattle: 
University of Washington Press, 1965), pp. 30ff. 
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or are the three segments tentatively described as [5], [iE], 

J' 

[6] phonetically similar enough to be interpret-ed as one mid 
central vowel [e], as the following diagram shews? 

I ^ U 




Also, are the differences between the sequences spelled -la, 
-rfa, and -ua in open syllables and those spelled -i^-, -ub^ , 
and -ud- in closed syllables so great that they should be con- 
sidered as ti/o different syllable nuclei, or is the difference 
a conditioned one? 

In ordej to arrive at a satisfactory phonetic and pho- 
nemic interpretation of these complex nuclei, techniques of 
acoustic-phonetic analysis with the aid of the sound spectro- 
graph were applied. In thii; way the impressions based on 
hearing were re-examined and re-evaluated. Data obtained by 
the spectrograph offer objective facts concerning speech 
sounds, while human interpretation of these sounds is often 
subjective, being influenced by the speaker's language back- 
ground. 

The major part of investigation of this study will be 
concerned with determining the target qualities of the com- 
plex nuclei segments, i.e., whether or not the second seg- 
ments of these nuclei are actually all one vowel or three dif- 
ferent vowels, and what are the conditioned variants, if any. 

After a careful examination a phonemic interpretation of 
the complex nuclei will be proposed. 



Chapter 2 
MATERIALS AND TECHNIQUE 

This chapter describes briefly the materials and tech- 
nique used in the analysis, the results of vhich will be de- 
scribed in subsequent chapters. 

Informant s 

The four informants who supplied data for analysis are 
the same as those who assisted in our previous study of Viet- 
namese Vowels , Vol. IV of this series. Biographical sketches of 
these informants are briefly presented here. 

Informant 1 Nguyin H\^u Quang — male, age 30, was born in 
Haiphong and lived 18 years in Hanoi. He moved to South Viet 
Nam in 195U and there attended the University of Saigon. From 
1962 through 1965, he resided, as a student, in the United 
States. His native language is the Hanoi dialect of Vietnamese 
and he is also fluent in French and English. QUANG believes 
that his residence in the Saigon dialect ar-^a has not affected 
his speech, as his language habits were already well estab- 
lished by the time he moved to South Viet Nam. 

Informant 2 Pham Gia Huan--male , ar,e 21 , was born in the 
the vicinity of Hanoi. His family moved to Paris, France, at 
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the time he entered primary school. Though his formal educa- 
tion was conducted in French, Vietnamese vas used at home and 
with friends. His parents were born in Hanoi and lived there 
until they moved to Paris^ He returned to Saigon for his 
secondary school education and resided there for seven years 
before coming to the United States in 1962. HUAM speaks both 
the Hanoi and Saigon dialects but distinguishes the two. Ac- 
cording to another native speaker of the Hanoi dialect, the 
Saigon dialect has not affected HUAN ' s original Hanoi dialect. 

Informant 3 Pham Thi-Xnh TuySt — female, age 22, sister 
of HUAM, was born in the vicinity of Hanoi. She had one year 
of school there before going to Paris with her family. French 
was used in her formal education, and Vietnamese was used at 
home. Her secondary education was received at a French school 
in Saigon where she lived for several years before coming to 
the United States in 1962. In addition to the Hanoi dialect, 
she speaks the Saigon dialect, French, and English; but, she 
feels that her Hanoi dialect is not affected by these other 
languages « 

Informant k Pham Van -D6ng — male, a^e 22 , is not related 
to HUAN and TUYET. His parents came from Ilorth Viet Nam, and 
the Hanoi dialect was always used in his home. For business 
reasons his family moved frequently around Northern and Central 
Viet Nam. DONG was born in *a Nang but moved early in his life 
to the North. His elementary and high school education was 
received in either Vietnamese or French, according to the 



school attended. DONG attended the University of Saigon for 
one year cind came to the United States in 1962. Because of 
his frequent changes of residence, DONG i familiar with the 
Hul and Saigon dialects of Vietnamese, in addition to the Hanoi 
dialect:^ but, he regards the latter as his native dialect and 
f eeln that he clearly dist-'nguishes the three . He is also 
fluent in French and English. 

Tape Recordings 

The prepared scripts were recorded by the informants in 
a *ound proof booth using an AKG C-60 condenser microphone with 
a pre-amplif ier and an Ampex PR-10 single-track tape recorder. 
Speech was recorded on Scotch or Ampex magnetic tape at a 
speed of 7*5 inches per second. 

Since the informants were experienced in making tape 
recordings, they were relaxed and relatively at ease in front 
of the microphone. They were asked to use their normal speech 
t iipo and to pronounce the words as they used them in their 
' /eryday speech. As the informants had assisted in drafting 
he recording scripts, the material was in their own handwrit- 
and they had a certain degree of familiarity with the con- 
tent of each script. This familiarity enabled them to read 
smoothly and without hesitations, lapses, or erroFs; As a 
part of each recording session, the informants listened to the 
tapes that they had recorded, checking the script as they 
listened. This ensured that each utterance recorded passed 
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the test of acceptability to the native speaker. 

The Spectrograph and Spectrograms 

An Ampex PR-10 single-track tape recorder was used to 
reproduce the recorded speech which was channeled directly 
into a modified model 65lA Sound Spectrograph (Kay Sona-graph), 

The sound spectrograph is a device which can analyse a 
sound segment of up to 2.k seconds in duration. The sound 
segment is recorded on a disc inside the machine which repeats 
it constantly ;vhile a band-pass filter scans it, moving up the 
frequency scale from zero to 8000 cycles per second. 

The signal from the scanning filter is transmitted to a 
stylus which is in contact with specially sensitized paper at- 
tached to a revolving drum. The resulting artifact is called 
a sound spectrogram and is a permanent record of the recorded 
speech segment. The spectrogram shows frequency in the verti- 
c al dimens ion , durat ion in the hor i zontal dimens ion , and gives 
a rough indication of intensity by the relative darkness of 
various portions of the spectrogram. 

The spectrogram can be made with the band -pass filter 
set at either U5 or 300 cycles per second which produces nar- 
row-band and wide -band spectrograms , respectively. It is also 
possible on this machine to record the portion from 0 to kOOO 
cps twice, one above the other, once with narrow-band and once 
with wide-bena . As the essential features of vowels are re- 
alized in this frequency range and as each band-width has 
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certain advantages, composite spectrograms were most frequently- 
used in this study. 

Formants and Formant Measurement 

Vowels are characterized by their relatively great re- 
sonance compared to consonants. This resonance is strengthened 
in various areas according to the configurations of the articu- 
latory organs characteristic of each speech sound. These areas 
of strengthened resonarxce are called FORMANTS. Each vowel has 
a characteristic formaut pattern, and it has been demonstrated 
experimentally that the first two formants carry most of the 
information atout the qualities of vowels. In this study, meas- 
urements of the first two formants are studied in detail. 

While it is easier to identify formants on a wide-band 
spectrogram, it is possible to be more accurate in the measure- 
ment of narrow-band spectrograms. This is the chief benefit of 
the composite spectrogram. 

The procedure for measurement is to measure from the zero 
line, which is a part of every spectrogram, to the exfict center 
of the formant. On a good narrow-band spectrogram, it is pos- 
sible to measure reliably to within ±25 cps. In almost all 
cases, it is possible to measure to within *50 cps. 

The steady state of a vowel is defined as that portion of 
the vowel in which the formants are parallel to the zero line. 
When there is a steady state of a vowel present, measurements 
are made at that point in time. Movements of formants 
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associated with initial and final consonants are called 
TRANSITIONS. Typically, there is a transition from an initial 
consonant to^ the steady state of the vowel and a transition 
from the steady state of the vowel to the final consonant. In 
some cases there is no steady state of the vowel since the 
transition from the initial consonant through the vowel to the 
final consonant is continucas. In this case the mid-point of 
the vowel is arbitrarily selected as the point of measurement 
on the assumption that, at this point, the effect of the ini- 
tial and final transitions cancel each other out. 

Amplitude 

The Kay Sona-graph comes with an attachment for measuring 
and recording on a spectrogram the . amplitude contour of a given 
utterance of up to 2.^ seconds in duration. This contour ap- 
pears in reference to a base line on the upper portion of the 
spectrogram. However, there are many factors affecting the 
amplitude display and care must be taken to avoid invalid com- 
parisons between two amplitude contours. 

For our purposes, the amplitude display was referred to 
only as an aid in distinguishing the most prominent segment of 
the syllable and in comparing the relative amplitudes of dif- 
ferent portions of a single syllable. 
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CHAPTER 3 
TARGET QUALITIES OF COMPLEX NUCLEI 

To provide a basis for the analysis of the complex nuclei 
[13] » and [U9], the eleven simple vowels of each inform- 

ant were re-examined. Our previous study revealed that vowel 
formant measurements are influenced considerably by neighboring 
consonants and the accompanying tone. We, therefore, obtained 
measurements of the eleven sii::ple vowels in a fixed environment 
which could serve as the basis for comparison with the complex 
nuclei. Any two phonemically identical sounds may differ pho- 
netically even in the same environment; but, if the environment 
is specifically limited, similar phones will recur within a 
small domain definable by a boundary. In the analysis that 
follows, the relative domains of the eleven simple vowels and 
also the relative domains of the vowel target qualities of the 
complex nuclei were obtained* These were then compared with 
each other to determine the phonetic qualities of the complex 
nuclei in question. 

The eleven simple vowels and three complex nuclei were 
recorded in the environment /t - n/ with level tone /-/ by the 
informants. This phonetic environment was selected for several 
reasons. First, /n/ and /t/ are the only consonants which can 

-13- 



occur after every vowel; and, In/ was prefer ;'ed to /t/ because 
/t/ occurs only with rising tone 1^1 ai.>d drop tone /--i/, while 
/n/ occurs with all six tones. The initial consonant /t/ was 
then selected because most of the /t - n/ syllables form real 
words in the Vietnamese language. These syllables were there- 
fore familiar to the informants and could be spoken without 
hesitation . 

The frame sentence "I say the word ();(),( 
was used, the test word being uttered four times; e.g., /toy 
do'k ci5 tan; tan, tan, tan,/ Narrow-band spectrograms were 
made of five recordings, rejjultinc; in 20 sets of Pormant 1 and 
Formant 2 measurements for each vowel. These measurements were 
then plotted on a formant chart to establish the domain of 
each of the simple vowel phonemes. The same procedure was 
followed in making spectrograms, measurements, and charts for 
the complex syllable nuclei. Then the charts of the complex 
nuclei were compared to the charts of the simple vowels* 

Because Informants 1 and 2 left us before the experiments 
had been completed, only a limited number of their recordings 
and spectrograms were available. Informants 3 and ^ furnished 
most of the data used in this analysis. 

Table 1 shows the formant measurements of the eleven 
simple vowels of Informant ^ in the environment /t - n/ with 
level tone. 

Figure 1 is the corresponding representation on the 
formant chart of the Fl and F2 measurements presented in Table 1. 



The domain of each vowel is represented by twenty occurrences 
of that vowel in ^he environment indicated. The foroant chart 
used in this study is the same as that used in our previous 
study. Vol • iV of this series • The reason for the choice of 
this formant chart was explained on pp. 69-72 of Vol. IV. 

Tahle 2 represents the Fl and F2 measurements of the 
eleven vowels of Informant 3 in the environment /t - n/ with 
level tone. As is known to most workers in acoustic phonetics^ 
it is quite difficult to obtain accurate formant measurements 
of a female voice since a soprano or alto voice has vide formant 
hands and widely spaced harmonics which make it difficult to 
identify the exact frequency value of the formants. To over- 
come these difficulties and to reduce marginal errors, a large 
amount of data was utilized and extra care was taken in 
measuring » 

Figure 2 repre&^ents the domains on the formant chart of 
the eleven vowels in .he environment ft - n/ with level tone 
spoken by Informant 3 

As can be seen i3i Figure 2» the domains of Informant 3^s 
vowels cover a much gr«i^?ater area than do those of Informant U. 
Given the above-ment i< nsd characteristics of the female voice^ 
this is to be expected. However, in order to show that these 
domains are truly representative, we prepared additional 
material to show the effect of the six tones on the formant 
measurements of vowels in isolation and, also, material to 
show the effect of initial consonants on vowel formant s. 
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TABLE 1 

Pormant weaaur^ments or simple vowels In the environment /t - n/; Informant cycles/second 



Vjv.ei Ci] V, Ltn tone C>] 
1 



300 2250' 3000 



j>00 *i j50 3100 300 2300 3050 300 L300- 31Cti! 

300 2^00 3200 300 2350 3150 300 2250 5100 300 2350 3100 

300 J^OO 3100 300 2300 3200 325 .?350 3000 300 2250 3000 

300 2^50 5150 325 2350 2950 350 2300 3050 325 2300 3000 

300 2350 3000 300 2350 3000 300 2350 3050 300 2250 3000 



Vo-^fel [e] with tone [-) 

1 2 3 A' 



ten 600 2100 2650 550 205O 3OOO 550 2000 6j0 2000 

5^0 2100 2050 550 20:0 2900 550 2100 2800 6OO d')00 2^00 

650 2100 2600 625 2100 2B50 65O 2100 2b00 65O ^000 26^0 

600 2100 2ti50 600 2100 2800 600 2100 600 2000 2ti00 

650 2150 2<^00 650 '2100 3000 650 2100 2950 650 ^050 dtiOO 



7o*et Lc) witfi tone [-3 



700 2000 2^^00 700 1^00 2tt00 700 1900 2850 700 2000 2900 

750 2000 2d^0 700 2050 2950 700 2000 2950 750 1900 2800 

700 1900 2050 750 1<^50 2tt50 700 2100 2650 700 1950 2600 

700 2000 2600 700 2000 2600 7OO 2000 2600 700 2000 2800 

750 2100 2650 750 19'>0 2800 750 2000 2850 750 1950 2800 



Vowel Ca} with tone [-} 

1 

*'ord -Pi 1-'^ "T3~ 

tan 900 1500 

900 15?0 

900 1500 

900 1550 

900 1550 



"FT rr 



900 1450. 
900 1500 
900 1550 
900 1500 
900 1500 



900 1400 

900 14 50 

900 1500 
900 1450 

900 1500 



TT 



900 1350 
" 900 1450 
900 14^0 
900 1500 

900 ii?oo 



Vowel 


ChJ ^\.\.\\ tone L 


0 














Vowel 


[a] with tone I 














1 




2 








• 4 




Wo>d 


1 




2 


3 




4 




th 


rl 


r2 








]r\ id 




Fl i-v 




fd ri) 


^1 i-2 rb 


PI 




tiTn 


625 1400 


625 


1500 




825 1500 




850 1500 




tiu2 


750 1500 


775 


1400 


750 1350 


750 


1400 




d50 1400 


tl50 1400 




650 14^0 




850 1450 






700 1500 


700 1450 


700 i450 


700 


1400 




650 1500 


850 1450 




850 1400 




650 1400 






750 1400 . 


750 1350 


750 1350 


750 


1350 




850 1500 


900 


1400 




900 1500 




900 1500 






750 1400 


750 1350 


750 1350 


755 


1400 




900 1500 


850 


1550 




900 1450 




900 14if0 






750 1500 


750 1450 


750 1400 


750 


1350 


'/owel 


[a] with tone [ 


-1 














Vowel [«] with tone [ 


-] 
















2 




3 




4 




Word 






2 


VI A P5 




4 


Word 


n 72 K3 


PI 


F2 




VI F2 




Fl F2 




frl 1^2 ifii 


n 


1.2 pr- 




PI 


Fd P5" 


tan 


650 1400 


600 


1400 




625 1300 




600 1350 




. t«n 


500 1400 2800 


500 


1450 2B00 


475 1^00 2800 


500 1350 2850 




600 1403 


600 


1350 




600 1250 




575 1350 






550 1500 2800 


550 


1400 


550 1450 


550 1450 2900 




650 1400 


625 


1400 




600 1400 




650 1450 






550 1450 2900 


550 


1450 2900 ' 


550 1450 2850 


550 


1450 2900 




600 1400 


600 


1400 




600 1400 




600 1350 






525 1400 2900' 


525 


1450 2850 


550 1400 2750 


550 1450 2900 




600 1400 


600 


1400 




600 1400 




600 1400 






550 1400 2900 


550 


1400 2800 


550 1350 2950 


550 1350 2850 


Vowel 

Word 
ton 


[0] with tone [ 


Tl 


P2 




Fl F2 




Fl P2 




Vowel [0] with tone i 

'1 
Word H W 


PI ■ 


2 

P5" 


PI pf P?" 




4 


700 1000 


700 


950 




700 950 


7? 


700 1000 




ton 


550 1100 


500 


1000 


500 1100 

8 


^ ■ 

550 1100 




700 1050 


700 


1100 




700 1050 




700 1000 






500 1000 


500 


1050 


550 1000 


550 1000 




700 1050 ■ 


700 


1100 




700 1050 




700 1000 






600 1050 


600 


1050 


600.1050 


600 


1050 




700 1100 


700 


1000 




700 1050 




700 1050 






600 1050 


600 


1050 


600 1050 


575 1050 




750 1050 


750 


1050 




750 1050 




750 1050 






550 900 


550 


950 


550 1000 


550 1000 



Vowel Cu] with tone [-] 



Word 
tun 





1 • 




2 




p| P5 




4 


PI 


P2 P3 


PI 


P2 P3 


PI 




TT- 


F2 75 


300 


800 


300 


800 


300 


800 


300 


800 . 


300. 


800 .. 


325. 


800 


32 5 


800 


350 


800 " 


300 


800 


300 


800 : 


300 


800 


300 


600 


300 


800 


300 , 


800 


300 


850 


300 


650 


300 


800 


300 


800 . 


500 


800 


325 


650 ' , 
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FIGURE 1 

Simple vowels in the environment /t - n/ 
Level tone Informant 4 




TABLE 2 

Formant measurements of sifflple vowels in the environment A - n/: Informant 3 



cycles/second 



Vin,vL LxJ With tone [ 


-] 








Vowel [e] With tone [ 


-] 










3 




Tl vl 75 


4 




1 


2 








4 


%orj rl f*; 






PI " ^2 




*ord Pi t5 






11 Vd" 


"FT" 






400 2650 


400 2750 


, 400 2600 




ten 550 2500 3050 


550 2550 


■ 550 2450 


550 2450 3000 




400 2700 • 


400 2700 


400 2700 




1325 2450 


500 2550 




500 2500 




500 2550 


t^OO 2700 


400 2700 


400 ^^750 


400 2750 




525 2450 


500 2550 




525 2450 




500 2^50 


400 2750 


400 2700 


400 2650 


400 2750 




550 2450 


550 2400 




550 2400 




600 2400 


400 2600 


400 2750 


^00 2700 


400 2700 




550 2400 


525 2400 




PUU e3pO 




550 2t*00 


Vowe) [r] With tone C 


-] 








Vowel Cb] with tone [« 


-] 










1 


2 




4 




1 


2 








4 


Word rl i-a 


yi bd f6 


n 


11 F2 




Word Fl P2 






Ki~ — 




bl if'ei h'p 


tnn 600 2^00 ^200 


750 2550 3100 


775 2350 3150 


800 2350 


3150 


tan 950 I650 


950 1600 




^ \J yKJ A U U U 






750 2^50 3100 


300 2350 3150 


800 2450 3200 


600 2300 


3150 


1000 1650 


950 1600 




1000 1650 




900 1550 


600 2400 


800 2400 3150 


800 2350 3150 


800 2350 




1000 1700 


1000 1700 




900 1700 




900 1700 


75C d550 3100 


750 2400 


750 2350 


750 2400 




$50 1600 


1000 1650 




950 1700 




900 1600 


750 2300 


750 2350 


775 2350 


800 2350 




950 1650 


950 I65O 




900 1600 




900 1600 



Vowel [a] With tone L-} 
1 



Vowel [a] with tone [-] 



Aoid 
tAn 



rl H 






yi hi pv 


¥1 F3 


Cord 


PI P2 -'^r 


^1 P?" 
800 1600 


n Pi 
900 1600 




fci50 1750 


850 


1700 


650 1700 


600 1650 


tSa 


850 1450 


800 1500 


825 1650 


850 


1750 


900 1750 


800 1600 




800 1650 


750 1500 


800 1600 


800 1550 


900 ld50 


900 


1850 


900 15<iO 


800 1550 




800 1650 


BOO 1600 


750 1550 


600 1500 


600 H50 


aOO 


1650 


800 1600 


850 1750 




800 1650 


750 1550 


750 1550 


750 1600 


025 1650 


800 


1650 


800 1650 


800 1650. 




800 1550 


7501550 


7501550 


800 1600 



Vowel (a) with ton« C-1 



Vowel tn] with tone [-3 



1 ■ 

Word J-l F2 Fi 




2 


n pi 




4 

PI P2 


■PJ- 


1 ■' 


2 - 




yi pl 




4 


tin 700 1350 


. 700 


1350 ■ 


650 1350 




■ 650 1350 




Word PI P3 P5 ■ 
tmn 1450 


fl f2 
550 1250 




550 1250 




TL F2 FT" 
550 1300 


650 1350 


650 


1350 


650 1350 




.650 1350 




550 1350 


400 1250 




400 1250 




5501350 


700-1350 


650 


1350 


650 1350. 




650 1350 




.550 1400 


550 1400 




■ 550 1400 




525 1350 


650 1350. 


650 


1350 


650 1300 




650 1300 




400 1450 


, 500 1350 




400 1200 




■ 550 1200 


600 1350 


650 


1350 


650 1350 




650 1350 




500 1400 . 


550 1350 




550 1350 




525 1300 


Vowel Cd!1 with tone [ 
1 

Word n P5 H 




2- 


PI pi 




4 

PI P2 




Vowel [0] with tone C- 

. . ■ ■ ■ '1 • ' 
Word ^ PI Py F5 


0 - : 

2 




PI pi ' 




4 


tZn 800 1050 


750 


1000 


800 1050 




750 1025 




t?5n 550 1100 


500 1000 




525 1000 




i'l" P5 
500 1000 


750 1050 


800 


1050 


750 1025 




SCO 1050 




500 1050 ■ 


525' 1050 




500 1050 




5001000 


800 1050 


750 


1000 


750 1000 




750 1050 




550 1050 : 


600 1050 




600 iooo 




600 1050 


825 1100 


800 1050 


750 1050 




600 1050 




■■ ■ 525 1050 


525 1100 




650 1050 




525 1050 


■ 800 1050 


750 1025 


750 1025 




750 1000 




500 1050 


650 1050 




600 1000 




600 1050 



Vowel Cu] with tone [-] 
1 



tun • 



Jin 



. Fl F2 F3 
400 850 
350 850 
.:400 800 ■ 

350.800 

35<.\ 850: 



2 



400 825 
. 350' 850 
400 825 
400 800 
400^800 



pj" P?_ 



400 800; 
35Q;^50" 
400 800 
'3^0' 750' 
' 400 800 •; 



PI "P3 ' 

■ 400 800 :' 
400 800 • 
400 SOO" : 
400 850 
400" 800 



.Blisnlt spiees Indicate wGere praciae mesaureBcnti were not obtainable, - 
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Informant 3 had previously made recordings of vowels in 
isolation with each of the six tones of Vietnamese. Although 
not all such isolated vowels are meaningful, this sort of 
exercise is quite common for students of Vietnamese, Since 
Informant. 3 had often demonstrated these vowels and tones as a 
teacher of Vietnamese, she showed no hesitation in producing 
them for our study. Spectrograms were made frovi these record- 
ings, and the Fl and F2 measurements were compiled. 

Table 3 presents the Fl and F2 measurements of the vowels 
in isolation with each of the six tones* Figure 3 is the cor- 
responding graphic representation of these Fl and F2 measure- 
ments on the formant chart • 

In order to estimate the range of variation which might 
be associated with different initial consonants. Informant 3 
was asked to record each vowel in various syllables composed 
of one initial consonant and the vowel with level tone. These 
syllables were recorded as a list of eighteen items in a fixed 
order, each stressed equally, e»g- , /ti, t^^i, ci, ki . . . ./ 
Table h represents the Fl and F2 measurements obtained from 
these recordings, and Figure k is the corresponding formant 
chart . 

It must be noted that the two vowels /a/ and /a/ occur 
only in closed syllables and so could not be included in this 
experiment. Figures 3 and ^4 therefore present data for only 
9 o? the 11 simple vowels of Vietnamese. 
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TABLE 3 

Vcrinant weaaurewent-s of simple vowels in isolation: Informant 3 



cycles/second 



Vow v. 


1 tl] witlj all 


tones 














11 1^2 FT 


2 

n ^2 




" PI pl 




4 




i 


300 2950 


300.2750. 




— ="300 5000 




71 — 






>00 2900 


400 2850 




300 5100 








I 


^950 


275 2950 




275 2900 








1 


^00 iiSOO 


<^00 2900 




400 3050* 








1 


350 2&50 


400 2750- 




■ 400 2850 








i 


iJ50 2900 


350 2950 




350 3000 








T 


^00 2950 


450 3000 












1 


^^50 2aoo 


400 ^650 




400 2800 








Vo^el [fi] with all tones 














1 


2 




3 




4 




ifl F2 Fi 










Pi r2 




R 




900 2700 




900 2700 




900 2650 


R 




850 2&50 




850 2550 




850 2550 




c 


850 2600 


850 2650 




850 2550 










650 2500 


750 2650 




750 2600 








c 


900 2^50 


850 2500 




850 2500 








c 


S50 2400 


900 2500 




850 2*50 








f; 


850 2500 


850 2/+50 




850 2550 








IS 


850 2500 


800 2400 












Vowel £n] with all tones 




- •■ 












2 




PI" pi 




4 




i'i i5 


vi j^k 








PI F5 




A 




850 1450 




850 1450 




900 1450 




- A 




850 1600 




850 1700 




800 1650 




A- 


1150 IGOO 


1150 1600 




1000 1400 








/ 
A 


950 1550 


950 1550 




900 1600 








-■ V 
A 


1000 1600 


1000 14^0 




1050 1600 








"A 


1050 1650 


1050 1600 




1050 1550 








X . 


1000 3 550 


950 1550 




950 1500 










900 1500 


950 1500 




950 1500 








Vowel 


C»3 with all tones , 












Word 




2 




. Pl pl 




4 : 






Pi P?. 


PJ- 




p^ ■ 


PI n 


Ty 




750.1300 


, 750 J.250 


650 3250 






. a ■ 


750 1350 


750 1300 




750 1300 










750 1200 


750 1250 




700 1300 








: ■ . \ ■ 

■. : 9 ■ 


850 1300 


^ . 800 1250 




800 1200 








» 


850- J250 


^ 850 1250 




850 1200 










B50 1550 


850 1350 














850 1300 


900 1400 




900 1400 








Vowel to3 with. all tones •" 












■ Word 


1 


2 




PI pi 




■ 4 




*'l F2 


PI P2 ■ 








PI p^ - 


Ty 


.... 6. . 


.950 1150 . 


*950 '1200 




950 1150 








.■ o ■ 


900 .1300 • ■ 


■ 950 1250 




^ 900" 1250 








5 


900 iiOO 


900 1100 




850 1150 










850 1100 


\ 900 1150 




900 n>o 








"3 ■ 


850 1250 . ■ 


; 900 1200 




900 1200 








■ .o .■. . 


■ 850 1150 


850 1150 




85D.1100 = 








: .5 ■ ■ 




V 900 1200; 




850 1200 




850 1150 




.'; v'o :• 




85b'iii;6 




850 1100 




850 1100 




5. ■ ■ .■■ 


■ 850 lioo" . 


■ 850 .1250 




. BOO 1100 




•850 1100 








750 1000 




.750.1006 




: 750 1000 




0 ■ 




" ado 1050 -f 




800 1050 




BOO 1050 ^ 




5 \ 




BOO' 1100 




■,'boo 1050 




850 1100 : ; 




.\'-' o ' . ■ 




: , 800 1050 




: BOO'io'56 ■ 




■ BOO 1050 




: ■'■ -o-y-''- 

E I\JC 00 lioo r 


; ;750 1056 V 

., 800 1050; .; 

= 7561650 ^ 




■ BOO ,1050 

^ 800^:1050. 
•■750. 1660. --^ 




; 800 1050 

: 800 1050 • 

V 750 iooo';; 





Vowel 
?ord 


Ce] with 1 

1 ' 


^11 tones 

2 


3 • 


?1 73 


F3 7i F2 F5 


K P2 P? 


e 


. 550 2600 


• -550 2750 . 


550 2700 


e 


550 2850 


550 2700 


550 2750. 




600 2650 


600 2650 


600 2650 


e ' ■ 


650 2450 


650 2600 


600 2650 




650 2550 


550 2450 


650 2550 


e 


700 2600 


. 70c 2550 


700 2650 


? 


700 2550 


650 2600 


600 2550 



PT 



Vowel [«] with all tones 



Word 










4 


PI P2 n 


PI P2 P^ 




pI P? 


Pi P2 P5 


w ■ 




600 1250 


600 


1250 


600 1250 


9 




550 1200 


400 


1150 


400 1150 


B 


450 1200 


450 1200 


450 


1200 








525 1350 


525 


1200 




V 


400 1250 


500 1300 


500 


1350 




u 


450 1100 


500 1150 


500 


1200 






475 1450 


450 1350 


450 


1350 






550 1350' 


600 1450 


600 


1400 





Vowel 
Word 


Co] with 1 


a.11 tones 




PI P5 


_ P3 71 — PS — 7y 


PI pi 77- 


6 


600 1000 


600,1000 


550 1150 - ■ 


> 


650 1100 


600 1000. 


600 1000 


8 


550 950 


550 900 


600 850 




650 1100 


650 1150 


650 1100 




TOO 1000 


■ 650 1000 


650 950 


0 


650' 1050 


650 1150 


525 1050 


0 


650 1050 


550 1000 


500 1000 


0 


650 1050 


ecx> 1000 


500 1000 


0 


500 1050 


500 1000 


500 1000 


0 


500 1050 


500.1000 . 


50c 1000 


0 


550 1050 


600 1000 


525 1050 ■ 



7r 



4 



22: 



Vow«l [u] nith all tones 



■erd 








■2 ■"■ 






■ TT" 




TT- 






pi T? ' 




■■ 400 


1050 


400 


1050 . 


400 


1050 : 




460 


.'850 : 


400 


800 


350 


. 730 


« 


.350 


950' 


350 


900 ■ . 


350 


850 


IS 


450 


900 


450 


950 


450 


900 


Vi 


450 


850 


400 


850 


400 


800 . 


ii 


300 


900 


. 300 


900 


300 


950 


u 


400 


1000 


400 


1160 


,400 


1000 


u 


400 


1000 


400 


850 


: 400 


850 > 


u 


450 


900- - 


, 450 


900' 


450 


900 


u . 


300 


900 


- 300 


900 


300 


650 


u • 


300 


1000 


500 


1000 


300 


850 


u 


400: 


1150 


. ■ 450 1200 :■ 


>50 1150 .' 


U' 


500 


1000/ 


300 


850 


30c 


650^;;. 



g2 7 Z 



^ SlBDlc «pBce* indicate, vher« preelac ■•««ureweQte vere 'not' obtainable. 



-21- 




-22- 



TADLE i4 

Formant measurements of alnple vowels In open oyllabloo: Informani 3 



cyclea/second 



VoTcl [1] with tone [-] 



Word 


Fl 


F2 


tT 


iOO 


2800 




21b 


2600 


cl 


400 


28^0 


kl 


300 


27^0 


bT 


500 


2950 


di 


27^' 


2850 


Si 


250 


2800 


vT 


P^O 


2800 


al 


400 


2900 


zT 


300 


2950 


xT 


250 


2750 


kT 


400 


2850 


ol 


400 


2950 


nl 


500 


2950 


iT 




2800 


qI 




2900 


hi 


27b 


2850 


ll 




2750 


Vowel 


Ccj with tonfl 


Word 


Fl 


?2 




800 


2450 


t C 


750 


2550 


c~ 


750 


2300 


yic 


750 


2550 




750 


2600 




700 


2500 


fl 


750 


2400 


vt 


700 


2500 


SE 


700 


2500 


2C 


750 


2300 


xc 


750 


2550 


gc 


700 


2500 


Die 


750 


2650 


n7 


700 


2550 


/'■C 


700 


2550 




700 


2550 


he 


700 


2500 


le 


700 


2500 



Vowel [a] wita tone C-] 



lord 


PI 


P2 


t"3 


525 


1350 




550 


1550 


CO 


650 


1300 


ka 


525 


1300 


b9 


525 


1300 


da 


650 


1400 


fo 


600 


1350 


va 


600 


1300 


B9 


600 


1400 


za 


650 


1600 


xa 


500 


1350 




bOD 


1500 


as 


600 


1300 


ns 


650 


1450 


fa 


600 


1500 




600 


1500 


ba 


600 


1250 


la 


650 


1500 


Vowel 


[o] with tone 


lord 


PI 


P2 


ta 


800 


1050 


t^ 


750 


1000 


ca 


750 


1100 


ko 


800 


1050 


bo 


750 


1000 


do 


850 


1200 


fo 


750 


1000 




750 


1000 




850 


1200 


zo 


850 


1200 


xo 


800 


1150 




80D 


1100 


00 


750 


950 


no 


75c 


950 


/»o 


750 


950 


00 


750 


1000 


ho 


800 


1150 


lo 


850 


1200 



Vonel [e] with tone [-] 



Word 


Fl 


P2 


te 


550 


2450 


t^ 


550 


2450 


ee 


525 


2450 


ke 


550 


2600 


be 


525 


2600 


d« 


500 


2600 


fe 


^•25 


24O0 


re 


5c> 


2450 


86 


500 


2500 


ze 


'00 


2500 


xe 


50, 


2600 


ge 


.'00 


2500 


ne 


500 


2400 


ne 


500 


2?00 


ne 


500 


2550 


qe 


500 


2500 


be 


500 


2503 


le 


500 


250 J 


Vowel 


[w] with tM 


Word 


PI 


P2 


to 


300 


150 


t^ 


400 


14M 




400 


14C'; 


h? 


400 


14f 0 


bw 


400 


14^ D 


d5 


550 


1500 




400 


14C0 


v5 


400 


1350 


SB 


550 


1500 


ZO 


550 


1650 


x^ 


400 


1400 


g5 


400 


1500 


BO 


400 


1350 


Ii'* 


400 


1650 


rra 


400 


1600 


Qll 


500 


1400 


ha 


350 


1600 


1" 


500 


1600 



Vowel [A] with tone C-] 



Word 


PI 


P2 


tl 


750 


1750 




750 


1800 


cA 


750 


1750 


kl 


750 


1750 


bl 


850 


1650 


dl 


950 


1700 


fl 


850 


1500 


tI 


950 


1550 


si 


700 


1650 


zl 


850 


1800 


xl 


950 


1650 




950 


1800 


nl 


800 


1650 


tfl 


800 


1850 


nX 


700 


1850 


«jl 


700 


1850 


tJ 


800 


1650 


ll 


900 


1600 



Vowel Cu] with tone C-J 



Word 


PI 


P2 


tu 


4O0 


850 




400 


850 


cu 


400 


825 


k^i 


400 


950 


bu 


400 


650 


du 


425 


950 




400 


850 


TU 


400 


825 


su 


425 


800 




400 


850 


^ 


400 


900 




425 


800 


■u 


400 


1000 


nu 


425 


850 


J>U 


425 


800 




400 


1000 


hu 


400 


850 


lu 


425 


950 



Vowel fo] with tone [-] 



Word 


Pi 


P2 


to 


550 


1100 


t^ 


525 


1050 


CO 


550 


1100 


ko 


525 


950 


bo 


600 


1000 


do 


600 


1000 


fo 


600 


1000 


vo 


600 


1000 


EO 


600 


1000 


ZO 


550 


1050 


XO 


525 


1050 


go 


525 


1150 


ao 


500 


1000 


no 


500 


1000 


no 


500 


1000 


qo 


500 


1000 


ho 


500 


1100 


lo 


600 


1100 



ERIC 



-23- 



FIGURE 

Simple vowels in upen syllables 
Level tone Informant 3 
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In looking at Figures 2, 3, and U , one gets the impres- 
sion that the vowel domains in these three figures show some 
difference. This is due to the previously mentioned charac- 
teristics of t^e formant bands of a female voice which make 
the identification of the center of formants very difficult. 
However, a careful comparison reveals that the relative 
positions of the vowel domains in each chart are comparable, 
and also that the vowels in the /t - n/ environment represented 
in Figure 2 seem to represent accurately the relative position 
of each vowel to the others. Figure 3 and Figure k may be 
regarded as extra data supporting 9 of the 11 vowel domains 
presented Ij Figure 2. In any event, tiie relative positions 
of /e/, /a/, and /o/ which are of prime importance to this 
particular study are defined adequately. Therefore, the 
domains of /e/, /a/, and /o/ as presented in Figures 1 and 2 
will be used irhen comparing the phonetic qualities of 
simple vowels with the yhonetic qualities of [5], tl], and [9] 
in the following experiments. 

Informant 1 had previously recorded syllables with the 
eleven simple vowels in the environment /t - n/ with level 
tone for a study of the Inherent duration of vowels in Viet- 
namese. He left before we could make recordings of the com- 
plex nuclei in the same environment. However, from other 
recordings prepared by him, ve selected some examples of syl- 
lables with complex nuclei in similar environment s - 
-25- 
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The measurements of Informant l^s simple vowels in the 
environment /t - n/ are reproduced In Table 5, and the graphic 
representation on a formant chart is seen in Figure 5. 

Informant 2, also, had not recorded the desired material 
foi this study before he left us. However, Informant 2's 
formant measurements were published in substantial amount in 
our Vol* IV and were useful as raferences in analysing his 
complex nuclei. 

Spectrograms No . la • 11a show typical spectrograms of 
the simple vowels in the environment ft - n/ as spoken by 
Informant U • The same vowels spoken by Informant 3, a female 
speaker, are shown in Spectrograms No. lb - lib. Typical 
spectrograms of the complex nuclei [I5], [uii], and fU9] as 
spoken in the environment [t - n] are shown in Spectrograms 
No. 12a - b, 13a - b, and lha, - b^ for Informants U and 3 
respectively . 

In the changing formant s of the complex nuclei, there 

are no obvious points indicated at which the measurements 

should be taken. To determine the most reasonable points to 

be considered as the target or near target qualities of the 

complex nuclei, several steps were taken. Taking the complex 

nucleus [13], for example, first, the boundary between the 

two segments of the nucleus was identified with extreme care. 

Observation of steady states, upper formants, and amplitude 

contour, as shown in Spectrogram No. 15, served to identify 

the most logical point in time which could be considered as 
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TABLE 5 

Pormant measurements of 
simple vowels in the environment /t - n/: Informant 1 cycles/second 



Word 








2 








4 


Fl 




Fl 












tTn 






350 


2250 


550 


2250 


350 


2250 


t"en 






525 


1900 


500 


1900 


525 


1950 


ten 






600 


1900 


600 


1900 


600 


1950 


tsin 






800 


1400 


800 


1400 


800 


1400 


tin 






1000 


1550 


1000 


1350 


1000 


1400 


tAn 






650 


1400 


650 


1400 


650 


1400 


t"an 






575 


1200 


575 


1200 


550 


1200 


tmn 






375 


1500 


375 


1300 


375 


1300 


to'n 






600 


1050 


650 


1100 


625 


1100 


t'on 






525 


1050 


550 


1000 


525 


1000 


tun 






350 


850 


350 


850 


350 


850 



Blank spaces indicate where precise measurements were not obtainable. 
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FIGURE b 

Simple vov/els in the environment /t - n/ 
Levoj. tone Informant I 
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SPECTROGRAM NO. 3a 



Informant h 




SPECTROGRAM NO. Ha. 



SPECTROGRAM NO. 5a 



Informant k 




i> 'If 1 

SPECTROGRAM NO. 6a []\ 




SPECTROGRAM NO. 9a 

Informant k 




SPECTROGRAM NO. : 11a 

• Informant k . 




^SPECTROGRAM NO. 5b ; ; SPECTROGRAM' . NO . ;6b ■ ; 

Informant 3,''" 




SPECTROGRAM NO. 9b 



SPECTROGRAM NO. 10b 



Informant 3 




SPECTROGRAM NO. lib 



SPECTROGRAM NO. 12a Informant U 




SPECTROGRAM NO. 13a 




- SPECTROGRAM NO, l^la 



Infornant k 



a boundary between the 2 segment s . The mid -way point between 
the beginning of the formant and this boundary was then taken 
as the target quality of the first segment of the nucleus, 
[ I] ; and, the mid- way point between the boundary and the end 
of the formant was considered as the target of the second 
segment , [ 3 ] . 

Recordings of [I3], [uiJ], and [U0] in the environment 
/t - n/ were made using the same frame sentence /toy dok ciu 

t -n ; t -n 5 t -n , t -n . / 

Informant U's speech was examined first because it is 
easier to work with the formant measurements of a male voice. 
On listening carefully to the initial vowel qualities of the 
complex nuclei, it was found that they sound very much like 
/i/, /lu/, and /u/ respectively. To confirm this auditory 
impression with acoustic data, we measured Fl and F2 of [I] 
and [5] in the word [tr^n] , of [lu] and [5] in the word [tmJn] 
and of [U] and [9]' in the word [tUBn]. These measurements 
are presented in Table 6 . 

Figure 6 is a compoi'site graphic representation of the 
domains of the complex nuclei [ui5], [ue] and the domains 

of the simple vowels. The dots and the solid line circles 
represent the measurements of Table 6, while the broken line 
circles represent the domains of the simple vowels of the 
same speaker as obtained earlier and recorded in Table 1 and 
Figure 1. 
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- V SPECTROGRAM NO . 15 
Amplitude contours of [e] and 

Informant 3 




Informant 1 



Informant 



TABLE 6 

Formant Tnnasurements of conplpx nuclei ',n the environment /t - n/ : Inrorn?iaT. 



cycles/secon*! 



Word 

t"3n 



f I J with tone i 



JOO 2300 2950 
JOG 2350 2850 
JOO 2300 2850 
300 2300 2800 
500 2550 2950 

•t. t^l with tone [-] 



300 2200 2950 
300 2300 3050 
300 2300 3000 
300 2300 3000 
300 2350 5000 



350 :'250 ;:^oo 
350 :?;?5f ^i-'oo 

300 ?2>0 •A.O 

^00 2?:,o 2^^0 
300 2250 2900 



350 2150 2950 
350 2200 2800 
350 2100 2900 
300 2400 2950 
500 2^0 3000 



Word 


PI 75 T' 














7r" 


72" 




tT^n 


600 1950 2800 


600 


1950 2850 


550 


1950 


2800 


550 


2000 


2800 




550 2000 2800 


550 


2050 


2850 


575 


1950 


2800 


550 


2000 


2800 




625 2000 2800 


625 


2000 


2850 


600 


1950 


28 SO 


600 


1900 


2800 




600 1950 2750 


600 


1950 


2750 


600 


2000 


reoo 


600 


2000 


2850 




650 2000 2950 


650 


2000 


2800 


650 


2000 


2850 


650 


2000 


2800 




[»1 with tone [ 
1 


-1 


2 
















Tord 




71 


■ TT" 




TT" 




- TT 


TT- 


?2 




twin 


450 1^50 


450 


1400 




450 


1400 




450 


1400 






i>50 1M>0 


A50 


1450 




425 


1350 




450 


1400 






450 1450 


^50 


1350 




450 


1350 




500 


1400 






400 1350 


450 


1450 




450 


1400 




4O0 


1450 






4^0 1450 


500 


1500 




450 


1350 




500 


1500 






[J3 with tone [ 




2 












4 




Word 


71 F2 n 


71 


"72" 


-7J 


71 






TT" 


F2 






550 1500 


550 


1450 




550 


1450 




600 


1450 






600 14O0 


600 


1400 




600 


1400 




600 


1400 






600 14O0 


600 


1450 




600 


1400 




600 


1400 






650 1450 


625 


1450 




600 1450 




600 


1450 






650 1450 


600 


1400 




625 1*50 




650 


1450 





*.T.mont. [u] with tone [-3 



Word 

tu?n 



lord 

tu9n 







2 












4 




71 ?n 71 


7r" 






PI 






PI 


P2 




300 800 


300 


800 




500 


800 




350 


750 




325 750 


325 


800 




350 


750 




325 


750 




300 600 


350 


800 




350 


800 




400 


800 




350 800 


400 


850 




550 


850 




350 


800 




300 800 


350 


800 




400 


800 




300 


800 




[9} with tone 


[-] 


















1 




2 






"pi 






4 






71 


-73-" 




71 






PI 


F2 




550 1150 


550 


1250 




500 


1100 




500 


1100 




500 1100 


500 1050 




500 


1100 




500 


1050 




550 1100 


550 


1100 




550 


1200 




550 1150 




550 1150 


550 


1150 




500 


1100 




550 1150 




550 1200 


550 


1100 




550 1150 




550 


1100 
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FIGURE 6 

Complex nuclei compared with simple vowels In the environment /t 
Level tone Informant ^ 
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As can be seen in Figure 6, the first segments of the 
complex nuclei [I5], [uil], and [U9 ] are phonetically similar 
to li], [lu], and [u]. The acoustic data confirms the auditory 
impression shared by all analysts that the first segments 
of the complex nuclei [I5J, [lul], and [UO] are phonetically 
the same as [i], [uj], and [u] respectively. They are so 
phonetically similar, in fact, that -;e will hereafter tran- 
Gcribe them as [i], [uj], and [u] in our data. 

In Figure 6, it is clearly observed that the formant 
measurements of [5], [i], and [9] form three distinct areas. 
The domain of [3] corresponds closely to that of /e/, [l] 
corresponds roughly to that of /©/ , and the domain of [9] is 
closer to that of /o/ than to any other vowel. 

Having confirmed that the qualities of [I ui U] are the 
same as /i uj u/ of the simpl e vowels , we then focused our at- 
tention on the second elements only, in the formant analysis 
of the other informants. Using the same procedures, we measured 
Fl and F2 of [5], [i] y and [9] as spoken by Informant 3. 

Table 7 represents Fl and F2 of [5], [l], and [6] in 
[ti^n], [tuTjn], and [tu9'n] as spoken by Informant 3. Figure 7 
is the corresponding composite graphic representation of the 
domains of the second segment of the complex nuclei and the 
domains of the simple vowels. Solid lines circle the domains 
of (3], [I], and [9] as presented in Table 7, while broken 
lines circle the simple vowel qualities presented in Table 2 
and Figure 2. 



In Figure 7 the analysis of [5], [j], and [0] as teing 
three phonetically different sounds is further supported. In 
Informant 3*b speech, also, the domain of [5] overlaps with 
/e/, [5] overlaps with /a/, and [9] overlaps with /o/. Since 

/©/> and lol are three distinct phs^:.emes , it is reasonable 
to consider [5], [I], and [9] as three different vocalic 
qualities of 3 different vowels rrther than as a single phoneme, 
such as /a/, with three allophones . The reason some English 
speakers hear all three sounds as /a/ may be attributed to the 
linguistic habit of the native speakers of English to classify 
a rather wide range of mid-central vowel sounds as the phoneme 
/a/. 

Informant 1 had made a few recordings of complex nuclei 
before leaving us. In the limited amount of data available, 
we found a recording of the words, [tTf^n] , [tuTTn] , and [tuFn] 
spoken in our standard frame sentence. Spectrograms and meas- 
urements were made as presented in Table 8. Using the rame 
techniques as those used in the experiments with Informants \ 
and 3, the figures were converted into the graphic representa- 
tion shown in Figure 8. Although no conclusion can be drawn 
from such small statistical data as that of Informant 1 , it 
also seems to support the analysis of Z^/, /I/, and /9/ as 
three different sounds rather than one. 

Through the acoustic phonetic analysis of the complex 
nuclei lI^K [luil^ and [U9] in the environment /t - n/ , we 



TARLR 7 



seconti riPrmpnlr. 



Formant measurements of 
norwlcx nuclei in the envlrnr.ncfii /i 
cycles/cccond 



n/ : In rorrrrint 3 



] arith tone [- J 



Word 



Word 
twin 



1 






2 










ft 










F2 




Fl 




PI 


72 




600 16^0 




600 


1900 




600 I85O 




600 


I85O 




625 1650 






1800 




600 1650 




600 


1900 




6O0 il^-iC- 




600 


I85O 




GOO 1800 




600 


1950 




•^r o 2000 




600 


2100 




600 1850 




600 


1950 




20SO 




550 


2000 




600 1950 




600 


2100 




6?:. 1950 




650 


1950 




600 1900 




600 


1900 




ci.C lOOO 




600 


1900 




600 1850 




600 


1850 




oOO 1900 




600 


1850 




600 1850 




oOO 


1850 




60C 1850 




600 


I85O 




600 1 650 




600 


1850 




6C0 2000 




600 


1900 




600 1850 




625 


1900 




[i'i Tilth tone 


[-J 






















2 




pr pi ■ 






4 










P3 


75 






7\- 






600 1550 




600 


1550 




600 1550 




6O0 


1550 




600 1^50 




600 


l>. 




600 1550 




bOO 


1550 




600 1550 




600 


1550 




625 1500 




oOO 


1550 




603 1-50 




550 


1500 




575 1500 




600 


1500 




faOC 1^-0 




575 


1500 




600 1550 




600 


1500 




625 1: 00 




630 


1600 




600 1600 




625 


1600 




625 1600 




625 


14-50 




600 1550 




600 


1550 




650 16O0 




600 


1^00 




625 1550 




600 


1550 




650 1600 




600 


1600 




600 1550 




600 


1550 




^bO 1500 




600 


1550 




600 1550 




600 


1550 





Ser-nent [6] with tone [-] 



1 




2 


71 pi 7y 




4 




TTT 




PI ■ 


P5 P5 


600 1250 


600 


1250 


600 1250 


600 


1^50 


600 1250 


600 


1250 


600 1250 


600 


1250 


600 1250 


600 


1250 


600 1200 


575 


1200 


600 155>0 


600 


1200 


550 1200 


600 


1200 


60(3 1250 


575 


1200 


575 1300 


550 


1200 


600 1500 


600 


1300 


600 1250 


600 


1500 


625 1500 


625 


1300 


625 1300 


600 


1300 


600 1300 


600 


1300 


600 1300 


600 


1250 


625 1500 


600 


1250 


600 1300 


600 


1400 


575 1250 


600 


1250 


600 1250 


600 


1250 



Bl&nk spaceB Indicate *here precise Beaaureaente vere not obtainable. 



FIGURE 7 

Second element of the complex nuclei compared with simple vowels in 
the environment /t - n/ Level tone Informant 3 
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TABLE 8 



Q ^ jr» y-v v-i /-? 




Ul 1/ lie C^UiiipxcA 


nuclei : 






1 


2 




3 




Word Fl 


f;^ 


Fl F2 


PI 


F2 


PI F2 


ti^n 




550 1800 


550 


1800 


550 1850 


tujJm 




600 1150 


550 


1150 


550 1150 


tu9n 




600 1050 


600 


1000 


600 1100 



Blank spaces indicate where precise measurements were not obtainable. 
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FIGURE 8 

Second element of the complex nuclei compared with simple vowels 
Level tone Informant 1 
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are led to the following conclusions: 

1) The first segments, tentatively transcribed as [l], 
[ui], and [U] are phonetically similiar enough to [i], 
[w], and [u] to be regarded as the same vowel quali- 
ties. The acoustic phonetic data conf?.rmf the 
auditory impression. The first segments of the com- 
plex nuclei are best analysed as /i/, /ui/, and /u/ 
respectively. 

2) The second segments of [i^l, [ujI], and [u9) in the 
environment /t - n/ with level tone cccupy three 
distinctive domains on the formant chart. [3] is 
more similar to /e/, [i] is more similar to /a/, and 
[e] is more similar to /o/ than [5], [l], and [Q] 
are to each other or to the domain of any one phoneme 

It might be possible to analyse [S], and [9] as one 

single phoneme on the basis of their distribution, since [5) 
occurs only after /i/, [I] only after /ui/, and [9] only after 
/u/. On a distributional basis they could be assigned as alio- 
phones in complementary distribution. Such a phonemic analysis, 
however, lacks phonetic basis and is close to becoming merely 
a mentalistlc game. After careful observation of the phonetics 
phenomena, we analyse [^1, and [9] phonemically as /e/, 

/e/, and /o/, making the complex nuclei phoneTaically : . /ie/ 
/uie/ and /uo/. 
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Chapter k 

COMPLEX NUCLEI IN VARIED ENVIRONMENTS 



As presented In the previous chapter, the acoustic- 
phonetic study of complex syllable nuclei led us to the anal- 
ysis of the segments spelled "tifen'', "tubh", and '"tufin" as 
/tien/, /tiuan/, and /tuon/. 

The purpose of the present chapter is to test our anal- 
ysis of [3], [i] 9 and [9] as the three separate phonemes /e/, 
/e/, and /o/ in more varied phonetic environments. Also, we 
will try to answer the question of whether the second segments 
of each of the following pairs are phonetically similr^r i^nough 
to be considered the same: 

Open syllables Closed syllables 

"-ia" "-i6-^' 
"^ufe" "-ub<-" 
"*ua" "-U6-" 

As noted earlier, Thompson analysed the second segments 
1^1 9 1^1 9 and [©] in op^n syllables as all being the same 
phoneme /a/, and those in closed syllables as being three 
separa^ phonemes /e/, /e/, and /o/. Other analysts have in- 
terpreted the second segments of the pairs spelled ''-ia" and 
"-i6-", "-ut" and "-rfo*-% and ^'-ua" and "-u6-" as being 



phonemically the same. To arrive at a conclusive answer to 
this problem, it is necessary to study phonetic differences 
between the complex nuclei in open syllables and those in 
closed syllables. 

For this study, the recording material was arranged ac- 
cording to syllable types and tones. Six tones, level /— / , 
rising /^/, broken /-V, falling /\/, curve /v/ , and drop Z-^/, 
are contrastive in the Hanoi dialect of Vietnamese. A syllable 
in Vietnamese can be open or closed. The final consonants 
that occur following the three complex nuclei are summarized 
as follows: 

ptkmnrjwy 

[13] +++ + + + + - 

[tul] +++ + + + + + 

[uO] -++ + + + ..+ 

The distribution of final /y/ and /w/ with complex nuclei 
is noteworthy. /y/ in Vietnamese follows only the central and 
back vowels and does not occur after /i/, /e/, /e/, and (i^]. 
/w/ follows only the central and front vowels and does not 
occur after /u/, /o/, /o/, and [ue]. This distributional char- 
acteristic seems to suggest that [3] is structurally parallel 
to the front vowel /e/^ and [6] is structurally parallel to the 
back vowel /o/. However, the phonemic status of /w/ and /y/ as 
consonants needs further study to confirm this interpretation. 
We, therefore, decided not to include /w/ and /y/ as consonants 
in our spectrographic analyses. Our analysis included: l) open 
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syllable words grouped according to the six different tones and 
2) closed syllable vords with final consooauts /p t k m n q/, 
also grouped according to the six tones. 

Table 9 represents Fl and F2 measurements of the second 
segment [5] of [i^] in open syllable words as spoken by Inform- 
ant h. Figu-e 9 is the corresponding graphic representation. 
The [x] represents the measurements of [3] with drop tone, > 
while the dot [.] represents [5] with all other tones. The oc- 
currences of phones having an Fl measurement between 3^0-600 
cps are identified as being either those with drop tone /-n/ 
or with broken tone A-*/. In our previous study, it was ob- 
served that drop tone consistently raised Fl measurements of 
simple vowels ^0-100 cps, making the phones with drop tone 
appear much lower on the formant chart. In Figure 9 9 the same 
effect is observed on the formant measurements of [5]. 

Table 10 summarizes the data obtained from the formant 
measurements of [i] of [uJi] in open syllables spoken by Infor- 
mant U. When converting the figures into the graphic represen- 
tation on the formant chart as shown in Figure 10 , it bee ame 
apparent that on this vowel, also, the effect ol the drop tone 
is cl^arly observable. It is interesting to note that the 
effect of d^ op tone on the segments [3] and [j] is very much 
like that observed on the simple vowels /e/ and /©/. 

It was noted in our previous study that drop tone has 
slightly less effect on back vowels than on front and central 
vowels. The extent of the drop tone effect on Fl measurements 
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Formant meaaurementc of complex nuolpl nucrmciit [^1 Open cyllMhl<; 

Ai 1 tones Inforni'int, h 



cyclea/fleoond 



••J I Lvl wltfi t.onf r-J 5eo;mcjit [5] with tone [/^ 



V.'CtM 




1 












i4 


Word 


















"1 




Pi 


F,' Pj 


K 




n 




fl 








PI 


P5 


in 




t rj 


'TiU 




'I'jO 


<>ODC 




?ooo 


450 


2050 




500 


2000 


500 


1650 


'<50 


1900 


H50 


1950 




-J on 


] OOLt 




1900 


tl50 




CJ50 


1350 


ml 5 


500 


«?00D 


f4!30 


1900 




i^050 


^50 


^050 




ft an 


(' ,■ 0 ' 






U50 


2100 


i»50 


aooo 




5C0 


1850 


[iOO 


1950 


'<50 


2000 


t»50 


19'j0 








U^jO 


20C0 






Jtt)0 


.5050 




JJ50 


^050 


J15O 


<?000 


«<50 


2000 


J450 


c205O 


.. . 'j 








..•00 0 


1*50 


?050 




1950 




















\ r- 


'I'.O 


19CG 








1900 


J4'jO 


iS'iO 




















nT7 


•»-j{> 




U3n 


^DOO 


150 




U'jO 


2050 




























POOO 




2000 


'*50 


^000 
































19^)0 


I45O 


IH'jO 




















. 1-;- 


•»-jO 


: cno 


HOC 




Jt50 


1900 


'*50 






















:.T7 




, :;no 




1900 


i*50 


190D 


'450 


1900 





















cnl [ J with tone [n] 



Segment [5] with tone [ro] 







1 








i 




It 






1 




2 




3 




Kl 




PI ■ 


p^ Pi 






PI 


t>;5 P5 


Word 


Fl 


F2 F3 


Fl 


t=*2 F3 






Fl F2 F 3 






r05f? 


500 


2000 


1150 


2050 


'iSO 


2100 


CM 


650 


1950 




I85O 


600 


I&50 


600 1850 






.^15C 


500 


200c 


500 


1950 


^450 


2100 


dl5 


600 


1850 


550 


1800 


5^0 


IBOO 


600 1350 


\ 


5 no 


20C0 


500 


1900 


500 


1950 


^50 


2000 




650 


1900 




1800 


550 


1900 


600 1850 


^4 50 




^450 


1900 


'450 


2000 


J45O 


2000 




600 


laoo 




1900 


600 


1850 


COO 185Q 




«50 


195*'' 


1450 


2000 


J450 


1900 


500 


1850 


















u^ 




.^000 


!450 


1950 


^50 


2000 




2000 



















repitnent [^j] with tone D^] 



tij 

ml 5 



FT 



F2 



FT 



»ll»0 2000 
500 2050 
500 1900 
550 2000 



PI Pj P3 

550 1900 

^450 2050 
^50 1950 
500 1950 



TT 



500 2000 

'iOO 2000 

500 1950 

500 2000 



Fl 



P2 



"fT 



100 2050 

ilOr- 2 000 
500 2000 
500 1950 



ScRment [5] with tone C— •] 
1^ 



Word 
dl? 



PI 



F2 



650 1650 
650 1700 
650 I65O 



FT 



2 

"TT" 



650 1650 
550 1750 
600 1600 



FT" 



550 1750 
550 1700 
600 1600 



PI 



F2^ 



550 1750 
600 1750 
600 lb50 



Blftnk spseea Indicate vher« preclie seaaureveata vere not obtalD«ble. 
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FIGURE 9 
[ 5 ] in open syllables 
All tones Informant ^ 
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TAULE 10 

Formant measurementn of complex nuclei ocRment [t] Open syllable 
All tones Informant 



cycles/second 



[i] wltri tone £-] 



SepmenL [J] with tone [/} 







1 








P5 




1 






1 












1 


Worn 


1*1 




PI 


T>. P5 


PI 




PI 




Word 


PI 


P5 Pj 


Fl 


P3 P3 


PI 


■pi P3 














l^JOO 


550 


1100 


550 


1150 


c/i 


550 


1500 


^f)0 


1500 


A50 


1500 


'(50 


i5Qa 








150 


l'i50 


^50 


1350 


550 


1350 


k^i 


600 


1350 


150 


1350 


500 


1150 


150 


1150 


cTT 


^ibO 


1500 


500 


1600 


^50 


1650 


500 


1150 


b/i 


150 


1100 


it 50 


1100 


J15O 


1350 


150 


noa 






i;,oo 


J«50 


1100 


130 


uoo 


500 


1150 


dui^i 


500 


l'<50 


500 


1600 


500 


1150 


500 


1500 




'j'jO 


13^jO 


^150 


1500 




1500 


500 


1350 


li^ 


500 


1500 


500 


1150 


550 


1100 


500 


1500 




'..00 


1H50 








1150 


150 


111 50 




500 


1150 


500 


1150 


500 


1150 


150 


IfJOO 




'IVO 




•^so 


iVjO 


150 


1100 


150 


1100 


n^i 


550 


1350 


500 


II50 


500 


1^150 


150 


1150 




bOO 


I'jOO 


500 


1500 


150 


1550 


150 


1500 


4 

Qui I 


GOO 
500 


1^00 
1^50 


500 
500 


isoo 

1350 


500 
500 


I5OQ 
1350 


500 
500 


1350 

IVjO 



-lont ti] with tone 1^2 



SeRment {$] with tone t'v*] 













PI 


P3 


PI 


H 

-P2 P5 


Word 


PI 


P5 P5 


Word 


PI 

550 


P5" 

1353 


Pi 
500 


■ Pi P5 
1350 


500 


1350 


500 


1350 




550 


1500 


Cuif 


500 


l'«50 


150 


1100 


500 


1300 


500 


1400 




600 


1100 




600 


1350 


500 


1500 


500 


1550 


150 


1500 


null 


600 


1150 


IujI 


500 


1^50 


550 


1150 


550 


1100 


550 


1^50 










55 P 


IU50 


500 


1350 


500 


1350 


550 


1350 









pr 



2 



550 1550 
550 1150 
550 1350 



PT 



TT EE 



55a 1500 

550 I'lOO 

600 1350 



it 



550 1^50 
60D 1^.50 
550 14 00 



SGKncnt [J] with tone [n^] 



Segment [J] with tone [-^] 











2 




rl F3 


1 












1 


Word 


PI 


P3 pr 


PI 


p:? P3 


PI 






Word 


PI 


P2 P5 


PI P2 P5 


PI pi P3 


Fl F2 F3 




500 


1100 


550 


1500 


500 


1150 


500 1450 


in? 


650 


1300 


700 1350 


700 1350 


700 1350 




600 


1350 


550 


1400 


550 


1350 


550 I'iOO 


t J? 


650 


1300 


650 llOO 


650 1100 


650 1350 


bit 


650 


1350 


550 


lOOO 


500 


1150 


550 1350 




700 


1350 


650 1350 


650 1300 


700 1100 




550 


1350 


550 


1350 


550 


1500 


550 llOO 


buii 


700 


1^00 


650 1100 


650 1350 


G50 1350 




600 


1350 


550 


1U50 


500 


1500 


500 1500 




700 


IJJOO 


700 1350 


650 1350 


650 1350 




600 


1^00 


500 


1500 


550 


1100 


550 1150 




700 


1350 


650 1350 


650 1350 


650 1100 



Bl«ak ipftcea iadlcftt« irber* preclia Beftsureaents vere not obtalaable. 
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FIGURE 10 
[i] In open syllables 
All tones Informant ^ 



20 



10 



12 



• 
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FORMANT 
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of back vowels is approximately 50 cps. Table 11 summarizes 
the measurements of Fl and F2 of the segment [9] of [u9] in 
open syllables. Figure 11 is the graphic representation of 
the same measurements • The effect of drop tone on the segment 
[Q] is seen to be very similar to that observed on the simple 
vowel /o/. 

The domains occupied by [3], [S], and [9] in open syl- 
lables are placed together on one formant chart as shown in 
Figure 11a. This chart shows that the three sounds do occupy 
three distinct areas even when the environments of the complex 
nuclei are enlarged to include all six tones and various ini- 
tial consonants. This result gives further support to our 
analysis of [3], [5], and [G] as three separate phonemes rather 
than one single phoneme. 



.S8. 



TABLE 11 

Pormant mcaaurementa of complex nuclei segment [0) Open ayllablt- 
All tones Irformant k 



cycles/second 



I -J J wltti tone [-] 



ferment [9] with tone [/] 







1 






















2 








14 


A . ■ r . 


!-i 




ri 




Fl 




Fl 




Word 






PI " 


P2 F3 


PI 


vl F3 


PF~ 


P^' Fj 


t«jT 




11 'jO 


boo 


11^0 


500 


1150. 


500 


1100 


u^O 


600 


1100 


550 


1100 


500 


1100 


550 


1000 


t''''77 




1000 




1000 


'450 


lOCO 


'*50 


950 


tu9 


500 


1150 


'rOO 


1150 


550 


1100 


500 


1000 


•77 




lono 




1050 


'<50 


1050 


500 


1000 


cud 


550 


1150 


00 


1150 


'450 


1100 


500 


1150 












14 5 0 


1050 




950 


bU9 


500 


1050 


'i5>. 


1 050 


^450 


1100 


'150 


1000 


iTT 




icoo 




1100 


550 


1100 


500 


1000 


lu9 


'<50 


1100 


500 


1. " 


«450 


1000 


U50 


1000 


T.li'j 




'no 




1000 


«i50 


900 


I450 


950 


mu9 


I450 


1050 


'450 


1000 


i'50 


1000 


1450 


900 


T,~ 


^1 «, 






950 


150 


1000 


'»50 


1000 




















';T7 


U '.1 


^ oon 


*jOO 


inno 


550 


1100 


550 


1100 




















fJT 


'jO 


:o'jO 


5C0 


1000 


500 


1050 


'•J50 


1050 




















vTT 


■,, J' 


m:) 


IbO 


lion 


150 


1000 


150 


1000 




















.•IT 




n-j3 


^jOO 


1050 


500 


1100 


'»50 


1100 






















;.-,o 


1100 


IbO 


1050 


1450 


1C50 


150 


1050 




















xiJT 




lonc 


soo 


1100 


500 


1050 


500 


1100 





















[0 1 with tone ["^ 1 



nec-ent [a] with tone M 







1 








vl PI ■ 


Fl 


14 

F2 F3 


Word 


PI 


P3 Pi 


Kl 


P3 P5 


y\ 


AG rd 


Fl 

'1 0 


1150 


Fl 
550 


1050 


Fl 

550 


1150 


500 


1100 


—J 

du9 


550 


1100 


600 


1050 


600 




t r,n 


ii^'i 


600 


1150 


550 


1100 


600 


1100 


lu3 


600 


1*50 


550 


1150 


500 


c:u9 




1103 


550 


1100 


550 


1200 


500 


1100 


zue 


550 


1150 


550 


1100 


550 




^50 


1100 


500 


1100 


500 


1000 


50:1 


1000 














1.?9 


ono 


1100 


^50 


1000 


1450 


1000 


500 


1100 














liTe 


•>50 


1150 


550 


1100 


550 


1100 


550 


1100 
















':ao 


icno 


500 


1100 


500 


1000 


500 


1000 















PI ^T 

600 1150 
550 1150 
600 1150 



r.r. [e] with tone [^1 



.•^'•—""nt [9] with tone [-^1 



Wor-i 




1 




2 










Wo_^ 




1 




2 




P^ P3 




14 


VI 


P^ Pi 


PI 


P3 P3 


FT" 




PI 




PI 








PI 




il 


P2 P5 




tlOO 


1050 


600 


1100 


550 


1050 


600 


1050 




650 


1150 


650 


1150 


650 


1200 


650 


1200 


kud 


550 


1050 


500 


1050 


550 


1000 


5c: 


1000 


bu? 


650 


1150 


650 


1150 


650 


1150 


650 


1200 


su9 


600 


1150 


550 


1100 


550 


1050 


550 


1050 


lu? 


700 


1150 


650 


1150 


600 


1150 


600 


1150 




550 


1150 


000 


1100 


550 


1100 


500 


1000 





















Blank ipieei Indicate when prcelii aciiureainti wire not obtalnabli. 
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FIGURE 11 
[9] In open syllables 
All tones Informant ^ 
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Different final consonants have varying effects on the 
quality of the syllable nuclei. These differences are observ- 
able in the frequency and shapes of f ormant s • Spectrograms 
I6-I9 illustrate the differences in f ormant shapes of [ i^ ] in 
an open syllable, such as [ki^], and in closed syllables with 
the final consonants [-n], [-m], and [-q], as in [ki3n], [ki^m], 
and [kl^o]. As is easily seen on these spectrograms, the com- 
plex nuclei [i^J in the open syllable has a steady state of 
[i] and a steady state of [5]. When there is such a steady 
state on the spectrogram of a vocalic quality , this point is 
taken as the most reasonable place to measure the formant. In 
the case of closed syllables, as seen on the spectrograms of 
[ki^n], [klYm], and [ki^g], the second segment [5] is usually 
shorter than the first segment [i] and usually has no observ- 
able steady state. In the case of continually changing formants 
such as these, it is difficult to determine where the formant 
measurements should be taken, because a small difference in 
time may result in a large difference in Fl and F2 mesurements. 
For this reason, we applied the use of an amplitude display 
unit in determining the point where Fl and F2 measurements 
should be taken. Table 12 shows Fl and F2 measurements taken 
at intervals of two centiseconds along the relatively steady 
states of the formants of [i] and of [5] in [ki^] and, also, 
those measurements taken along the continually changing 
formants of [i] and [5] of [ki^n], [ki^m], and [ki^o]. 
Figure 12a shows a diarrrammed interpretation of the formant 
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SPECTROGRAM NO. 15 SPECTROGRAM NO. 17 

Informant k 
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TABLE 12 

Pormant measurements at intervals of 2 centlseconds 
Complex nuclei [i^"] Informant 4 cycles/second 



Word 
c sec . 








[kl^n] 




[kl^m] 






Fl 


F2 


Fl 


F2 


Fl 


F2 


Fl 


F2 


0 


300 


2250 


300 


2350 


300 


2200 


300 


?.'200 


2 


300 


2250 


300 


2350 


350 


2200 




2200 


i» 


300 


2250 


300 


2350 


350 


2200 


35J 


2200 


6 


300 


2250 


300 


2300 


350 


2150 


350 


2200 


8 


300 


2250 


350 


2250 


350 


2100 


350 


2150 


10 


300 


2250 


iJOO 


2100 


350 


2050 


350 


2150 


12 


300 


2200 


' ^ ^ 


2050 


J4OO 


1950 


i|00 


2000 


11 


300 


2150 


500 


1950 


500 


1800 


500 


1950 


16 


350 


2050 


500 


1900 


500 


1^00 


500 


1750 


18 


i^50 


2000 


500 


1850 


550 


1250 


550 


1550 


20 


H50 


2000 










600 


1500 


22 


^50 


2000 














2^1 


H50 


• 2000 














26 


H50 


2000 















Blank spaces indicate where precise measurements were not obtainable. 
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measurements, vith an x marking the point of the amplitude 
peak of the segment [3]. Figure 12b shows how these measure- 
ments would be interpreted on formant charts. Table 12 and 
Figure 12a and 12b show the varying effects or different 
findl conbonants on the complex nuclei. 

In a complex nucleus, there usually are two amplitude 
peaks; whereas, in a simple vowel nucleus, there is only one 
amplitude peak. The two amplitude peaks of a complex nucleus 
normally coincide in time with the mid-points of the first 
and the second segments of the nucleus. The mid-point and 
amplitude peak of the first segment %lso coincide with the 
steady state of that segment. This suggests that the point 
where the second amplitude peak occurs is the target point or 
near it, and therefore is the most logical place to measure 
Fl and F2 of the second segment. Usinf, this reasoning, the 
measurements presented in the following tables were obtained 
at the point of the second amplitude peak. 

Table 13 presents the Fl and F2 measurements of the 
regment [3] of [i^] in closed syllables with /-m, -n, -Q, 
.p^ , -k/ as the final consonants. All tones are represented 
here in the utterances spoken by Informant U. Figure 13 is 
the graphic representation of the figures presented in Table 
13. It may be noted that the domain of [3] is slightly larger 
and more centralized in these examples than is the domain of 
( 5 ] in op on syllables . 
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FIGURE 12a 



PI and P2 of complex nucleus [i^] 
In different environments 

Informant ^ 




X marks the amplitude peak of segment 
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FIGURE 12b 



Pormant movements in complex nucleus 
Informant ^ 



"A 



I 6 



I Z 



10 



16 



[ki^n] 



I 2 



27 



ao 



[ki5m] 



27 



EG 



[ki^l? j 



^RJC 



X marks the amplitude peak of segment [-3] 
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I •} ! wlt-h tone 
1 



C-] 



TABLE 13 

Formant measurementa of complex nuclei segment [)] 
All tones 



Closed syllabic 
Informant ^ 



cycles/second 



V'orti 
I IT'-' 
ITn 

i»TTii 

nlTn 
tvT^u 

'ilTn 

tt.TT'j 

xTTo 
Sef^ment 

Word 

115m 
nljm 

tijn 
thr,n 
ll'^n 
nl*5n 

Segment 

Word 
ll^m 
pf^ra 

tl^n 
if^n 

Segment 
Word 

kHm 



TT FT 



2 



lU.j 1700 

f>fj.) It, 00 



1900 

•'••j l lO'io 

Tin iS'io 



^50 IbOO 



[5] with tone 

PI FT 

650 1500 
600 1500 
600 i4oo 
650 l^»50 

600 1900 

550 1850 

600 1850 

600 1850 

[)] with tone 

PI P5 P3 

550 1500 
550 1550 

550 1900 
550 1950 
550 1900 

600^1600 

with tone 

1 

PI 



pr 



Fa 



600 li^50 
550 1500 

550 1950- 
.550 1900 
550 1950 

600 1750 



C'3 



P2 PT 

600 1500 
650 1550.^, 
600 1^50 
. 600 1500 



PT 



2 



t^^i^n 600 1900 
Y^ti 650 1700 



550 1550 
60b 1550 
550 1^150 
550 1550 

550 1900 

600 18OO 



600 1500 
600 1500 
600 ibOO 
600 1500 
600 1600 
500 155)0 

600 1900 
550 1900 
500 1950 
550 1900 
500 1900 
550 1950 
'150 nonn 
^50 1950 
050 1950 

550 1600 

550 1600 

600 1600 

550 1750 

500 1500 



"PT 



650 1500 

600 1500 
600 1500 

600 1500 

600 1850 

550 1950 

600 1850 

600 1900 



HE 



FT 



PT 



3 



PT" 



-ri- 



600 IHOO 

550 1550 

550 1950' 
550 1950 
550 2000 

600 1750 



PI P5 



550 1600 
650 15OQ 
550 1500 
550 1500 

600 1900 

550 1800 



"PT 



600 1000 
550 1500 
550 1500 

600 1500 
050 1600 
500 i6no 

550 1950 

000 1950 
'150 1900 
500 1950 

000 1900 

600 1900 
500 2000 
i\50 1950 
050 1900 

000 1600 
500 1700 
050 1650 
550 1700 
'150 1500 



600 1500 
550 1550 

600 lUSQ 
600 1500 

60fl 1900 
550 1900 
600 1900 
600 1850 



"PT 



PT 



pr 



600 1050 
600 1600 
' 600 1500 
600 1500 

600 1950 
600 1900 
600 1900 
600 1950 



600 1500 
550 1550 

500 2000 
550 1900 
550 1950 

600 1800 



"PT" 



rr 



550 1600 
600 1500 
550 1500 
600 1500 

550 1950 

600 1750 



ZEE 



600 1500 
000 1500 

000 1500 
600 1500 
550 1600 

000 1650 

600 1900 
600 1850 

'100 1950 
COO 1850 

500 1900 
600 1800 
J15O 1950 
i<50 1950 
050 1900 

550 1600 

500 1550 

050 1700 

500 1750 

500 1550 



"72" 



:iE 



"PT 



Sefcment [;] with tone [ 

1 


] 










Word 


PI F2 


P3 PI 


P2 pg 


PI 


P2 P3 


PI 




tf3p 


500 1700 


550 


1700 


500 


1750 


050 


1700 


t^r?p 


500 1650 


550 1650 


500 


1650 


500 


1700 


ci^D 


500 1700 


500 1700 


000 


1700 


550 


1700 


kl3p 


500 1650 


500 


1700 


500 


1750 


500 


1750 


pl)P 


SSD 1750 


500 


1800 


500 


1750 


500 


1700 


i?t 


500 2000 


500 


2000 


500 


1950 


000 


1900 


tljt 


500 1900 


550 1950 


550 


1950 


550 


1900 


t^ljt 


550 1900 


500 


1950 


500 


1800 


000 


1950 


bl)t 


500 2000 


500 


1950 


500 


1950 


500 


1900 


ni^t 


500 2000 


500 


2000 


500 


1950 


550 


lOOO 


tl^k 


500 1700 


500 


1750 


550 


1750 


500 


l8on 


t^r^k 


500 1750 


500 


1750 


500 


1750 


500 


1750 


cl^k 


550 1650 


550 


1750 


500 


1800 


500 


1700 


bl5k 


.550 1750 


550 


1750 


550 


1850 


500 


1800 


dl^k 


550 1700 


500 


1750 


500 


1800 • 


000 


1800 


pr?k 


050 1800 


500 


1800 ' 


500 


1750 


500 


1750 


l?m 


'<50 1500 


050 


1600 


550 


1500 


000 


1600 


tTjm 


550 1500 


550 


1500 


500 


1500 


000 


1500 


k£^m 


500 1550 


1450 


1550 


'J50 


1700 


'JOO 1600 


b£5m 


550 1500 


550 


1500 


550 


1500 


050 


1000 


if^m 


500 1550 


000 


1550 


'J50 


1600 


550 


1500 


r,n 


550 1900 


550 


1950 


550 


1950 


050 


2000 


ti^n 


500 1950 


500 


1950 


500 


1900 


550 


1900 




550 1900 


550 


1900 


500 


1900 


550 


1900 


ifjn 


550 1900 


500 1850 


550 


1900 


550 


1900 


or?n 


550 1950 


550 


1950 


550 


2000 


550 


1950 


tljQ 




550 


1600 


550 


1600 


550 


1600 


bfjo 


550 1600 


550 


1650 


550 


1750 


550 


1650 




550 1600 


500 


1700 


500 


1700 


550 1650 . 


mrjo 


500 1600 


450 


1800 


i<50 


1800 


'»50 1850 




550 1650 


550 


1700 


550 


1700 


000 


1600 



Segment [5] with tone [-t] 

1 



Word 


PI 


P2 P3 


PT 


P2 F3 


PT" 


'TS P3- 


Pl- 


P2 pg 


tt^p 


600 


1650 


600 


1750 


600 


1650 


550 


1650 


dT?P 


550 


1650 


600 


1550 


550 


1600 


500 


1700 


OT^P 


600 


1700 


550 


1750 


550 


1800 


500 


1750 



tT^t 


550 


1750 


550 


1850 


550 


1800 


550 


1800 


t^I^t 


550 


1800 


550 


1700 


500 


1750 


000 


1800 


nl^t 


■550 


1850 


550 


1900 


550 


1900 


550 


1900 




550 


1800 ' 


550 


1850 


550 


1800 


500 


1800 





600 


1700 


550 


1700 


600 


1700 


600 


1700'/. 




600 


1650 


600 


1700 


550 


1750 


550 


1700 


tT^ 


650 


t 

1J(00 


600 


1150 


' 600 


l^»50 


650 


1^»50 


nT^n 


650 


1^150 


600 


i5oo 


600 


1500 


600 


1500 




650 


l'<50_ 


600 


1500 


600 


1500 


600 


1500 



tT?n .600 1850 
t^T^n 600 1850 



600 
600 



1850 
1800 



^ l^^l^ nk epaete Indleatt vhtre prtelae ataturtBtnte vtrt not obtainable. iT^q 700 1500 



650 1500 



600 1800 
600 1850 

700 1500 > 



600 1800 
600 1850 

650 1500 



FIGURE 13 
[5] In closed syllables 
All tones Informant ^ 
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Table Ik present s the Fl and F2 measurements of the 
segment [I] of [luJ] in closed syllables with /-m, -n , -q, -p , 
-t , -k/ as the final consonants . All tones are represented 
in these utterances by Informant Figure lU is the coj-- 

responding graphic representation of the figures presented in 
Table ll*. It may be noted that the domain ox [i] in these 
examples of the nucleus in closed syllables is slightly larger 
and extends further back than does the domain of [i] in open 
syllables . 

Table 15 presents the Fl and F2 measurements of [9] of 
[u9 ] in closed syllables with the same final consonants, and 
with all tones as spoken by Informant U. Figure 15 is the cor- 
responding graphic representation on the formant chart. It 
may be noted that, here again, the domain of [9] covers a 
slightly larf^er area and extends further back on the formant 
chart . 

Figure 15a is a composite chart showing all 'hree nuclei 
sefrments [5], [i] ^ and [9] in a variety of environment::. Some 
overlap of the three is seen in this presentation: but on care- 
ful examination , it is clear that this overlap is regularly 
conditioned. Three different environments are included on this 
ihart. The small dark areas indicate the domains of [5], [J], 
and [9] in the restricted environment [t-n] with level tone. 
The larger striped areas ina.r '!ate the domains of [5] , [X] , and 
[9] in open syllables with all six tones. The very large white 
areas show the domains of [3], [i], and [9] in closed syllable 
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TABLE m 

meaaurementD of complex nuclei nep;mcnt (i] Closed sj/Uablo 
All tonea InformBnt n 



cyclea/second 



•Tn.'tii ill with tone [-] 



WorJ 


Fl 


p5 f5 


Fl 


F2 P3 


Fi 




Fl 


F2 F3 


tuJTm 


550 


1150 


500 


1200 


550 


1200 


550 


1200 


nluTm 


5S0 


1150 


550 


1200 


550 


lc!00 




1150 




';oo 


1150 


500 


1200 


500 


1?00 


500 


1150 



Sepiment [j) with tone [/] 
1 



Word 



550 1100 
600 1550 



FT" 



2 



550 1150 



600 1600 



TT 



550 1150 



600 1500 



550 1100 



55a l^tiO 



Iiu7n 



600 11^00 
550 1^450 



£00 li<00 
500 I'jOO 



f;er:nicnL [I J with tone [n] 



Word 
zuT^m 



PI Pg n 
550 1100 
550 1100 
600 1200 
600 1150 



cJ^in 600 1^*50 
v^in 600 1^450 
Bulin 600 1'4 00 



FT 



2 



600 moo 
500 1500 



TT 



550 1100 
550 1150 
600 1150 
550 1100 

600 1^400 
600 1^450 
550 l^iOO 



3 



600 1150 
5'^0 1100 
600 1250 
tiOO 1250 

550 1350 
600 lJt50 
550 1»^50 



COO 1350 

550 1K50 



tH^Tr) 


600 


1200 


600 


1200 


600 


1200 


550 


1200 




6'jO 


1200 


650 


lr?50 


550 


12^0 


650 


1250 


kluTi] 


6 00 


1150 


600 


1200 


600 


1200 


600 


1250 


biTr) 


600 


1^50 


500 


1250 


500 


1250 


500 


K^50 




550 


1^00 


500 


1200 


500 


1250 


500 


1250 


IujTo 


5S0 


1^00 


500 


1200 


'<50 


1300 


500 


1200 




650 


1200 


550 


1200 


500 


I3nn 


550 


1300 




600 


1200 


600 


1250 


600 


1250 


600 


1200 




600 


1200 


600 


1250 


600 


1200 


550 


1200 




650 


1150 


550 


1150 


'jOO 


1150 


550 


1250 



PI P2 JT 
600 1150 
550 1150 
600 1250 
550 1200 

600 1350 
550 Hl50 
600 H»50 





550 


1150 


600 


1200 


600 


1200 


550 


1150 




550 


1150 


600 


1200 


600 


1200 


550 


1150 




550 


1200 


550 


1100 


550 


1150 


600 


1200 




600 


1150 


600 


1300 


500 


1200 


600 


1300 


kuiip 


600 


1200 


550 


1250 


550 


1200 


600 


1150 


muil-p 


550 


1200 


550 


1150 


500 


1150 


550 


1100 





550 


1500 


600 


li^OO 


550 


1400 


550 


1350 


titt 


600 




550 


1H50 


550 


mso 


550 


1(400 


liTit 


550 


l'^50 


550 


uoo 


550 


1^450 


550 


1500 




600 


1600 


550 


1550 


550 


1500 


550 


1550 





550 


1250 


600 


1300 


550 


1250 


550 


1150 


tw%k 


600 


1200 


600 


1250 


600 


1250 


600 


1300 




550 


1250 


600 


1250 


600 


1300 


550 


1250 




550 


1250 


500 


1250 


550 


1250 


550 


1250 



Jiesment [I] with tone M 
1 



Word 
uiln 

luj£>} 



TT 



2 

TT" 



m: 



b50 1500 

650 1200 
650 1300 
650 L200 
650 1250 



600 lil50 

650 1200 
600 1250 
fiCu 1250 
600 1250 



31 



600 1^450 

600 1200 
650 1200 
650 1300 
600 1250 



600 1200 
600 1200 
650 1300 
600 1200 



ZEE 



ERLC 





650 


1250 


650 


1200 


600 


1250 


600 


1250 




600 


1250 


600 


1250 


600 


1250 


600 


1250 




650 


1200 


600 


1200 


650 


1250 


650 


1250 


diiTii] 


650 


1200 


600 


1200 


600 


1200 


600 


1200 


Itulr) 


600 


1250 


650 


1200 


600 


1200 


600 


1250 




650 


1200 


600 


1200 


600 


11:50 


600 


1250 




650 


1200 


650 


1200 


650 


1200 


650 


1250 




600 


1250 


55Q 


1150 


600 


1150 


650 


1200 



Segment [i] with tone M 
1 



Word Fl F2 "PT" 

tuto 600 1200 

t^mii) 650 1250 

cull) 650 1200 

siH^Ii) 550 1150 

hw^o 600 1150 



TT 



2 

-PT" 



-TT FT 



550 1200 

600 1200 

600 1200 

500 1100 

600 1150 



550 1150 
550 1150 
600 1250 
550 1150 
600 1150 



IE3I PI p^ pr 



550 1150 
550 1200 
600 1250 
500 1100 
6no 1200 



Blank •paeat Indleata vhere preclte BeaturcaeDta vare not obtainable. 



Segment [J] with tone [— >] 
1 



Word 


Fl 






650 


1100 


luirn 


600 


1150 


luiin 


650 


1400 


ni«i?n 


650 


1^50 


viuln 


650 


IJJOO 


t^}f) 


700 


1250 


luilr) 


650 


1250 




700 


1250 




700 


1250 


emit 


600 


1350 


muiit 


600 


1500 


Vililt 


600 


1^00 


ZUlIt 


600 


1350 


dui?k 


650 


1250 




650 


1250 


i]iiii\c 


700 


1250 



FT" 



2 



TT 



650 1150 
650 1150 

650 1350 
650 1^50 
650 1500 

70Q 1250 
650 1250 
700 1200 
700 1250 

650 1350 
650 1^50 
600 1500 
550 l't50 

^-J ^250 
£00 1200 
650 1250 



6j0 1150 
600 1150 

650 1^00 
650 1^50 
650 1500 

650 1250 
650 1200 
70n 1300 
700 1250 

600 1350 
600 1^150 
600 1^50 
550 1500 

600 1250 
550 1250 
65Q 1250 



TT 



650 1200 

600 1150 

650 1400 
650 1500 
600 1500 

650 1200 
650 1250 
700 1250 
700 1250 

600 1350 
600 1^50 
650 1500 
550 

600 1250 
600 1200 
650 i;ioo 
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FIGURE I'l 
[5] in closed syllables 
All tones Informant ^ 




ERIC 
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TABLE 15 

Pormant measurementa of complex nuclei segment [e] 
All tones 



Closed syllable cycles/second 
Informant ij 



Sermpf.t [9] with tone [-] 
1 



u7i: 
niTJt, 



Woro Fi TT" pa IT" 

cuen; 



iJ50 850 
iJOO 1000 



150 1100 
iJ50 1100 
iJ50 1150 
500 1150 
150 1100 

550 1000 
500 1000 
500 1100 

150 900 

150 1000 

H'io 900 



FT 



3 

"T5~ 



i\50 1000 
'100 1000 

1150 ii5n 
'<5o 1150 

iJ50 1100 
•^SO 1050 
^00 1050 

500 100c 
500 1000 
U50 3 00^1 
1J50 1000 
iJ50 1000 
'<50 1000 



!i_ 



HE 



Segment [e] with tone [/]. 
1 



'<50 1000 
H5Q 1000 

150 1150 

nr,Q 1000 

Ji50 1100 
'»00 1000 
500 1050 

500 950 
'150 950 

J;50 900 

'♦50 1000 
150 900 
'i50 1000 



Word 
nu9m 

kudn 
muan 

ilan 
tiigt 

cu6t 
buit 
nuet 

duek 



VI P'^ P3 



FT" 



2 

"FT" 



•^oo 750 

550 1050 
'<50 950 

'<50 850 

550 950 

500 950 

•150 900 

1*00 1150 
iiOO 1150 
550 1050 
'450 1150 . 

150 900 

ii.10 1150 

500 Boo 

Ji50 950 



FT" 



350 650 

500 1100 
^450 950 

i\50 850 

500 950 

000 900 

iJ50 850 

i^OO 1100 
Jt50 1100 
350 1000 
Jioo 1050 

350 800 
Hon 1150 
500 ROO 
U^O 1000 



FT" 



F3 



350 800 

500 1050 
550 950 

500 a5o 

500 950 
'450 ano 

'450 1000 
500 1100 

u^.o 1150 
350 1050 

350 lltjO 

£450 900 

'J 00 HOC) 
^450 900 

uso 1050 



Woro 

c ^dfl 
ludri 
ou3n 



!. j] with tone [\] 

I 

n TP. n~ F 



550 1200 
500 1150 
"450 1100 
500 1100 



FI FT" 



"TT" 



500 950 

550 1200 

500 1150 

500 1100 

500 1100 



FT" 



J4 

"T7" 



FT 



J<50 850 

500 1150 

550 1150 

500 1100 

550 1050 



Segment [a] with tone M 
1 ' 



Word 
kuom 
muam 



Fl F2 



F3 



2 



550 



F3 



900 
B50 



500 950 



500 850 
50a 950 



500 350 
500 300 



500 {\'jO 



tu3»j 

1^3 'J 
hub*) 



500 1000 
500 1100 

500 900 

500 1000 



500 950 
500 1050 
500 950 

553 1050 



500 950 

500 1050 

1450 1000 

500 1050 



Segment [a] with tone [-i] 
1 



Vord 
pusm 



PI PI- 



TT 



FT" 



2 

"Tf?- 



550 350 



FT" 



3 

~Tir 



500 350 



TT" 



FT 



JL3 



kuen 
mu?n 
gu3Vi 



550 1150 
500 1150 
500 1200 



500 1150 
500 1100 
550 1200 



5'jO 1100 
550 n5n 
500 1150 



SeKjijeiit [3] i;Jth tone 

1 2 3 

Word ^1 ^5 t»r fry pr n pr 



SU9>j 



500 950 
500 900 



')50 950 
500 950 



n PT" 
500 950 
500 1000 



kui}!} 

tu5t 
cu^Jfc 
bu?t 
zu7t 



550 950 
550 950 

i450 1000 

500 1150 

"450 1100 

4450 1150 



550 900 
500 900 

500 1100' 
500 1200 
^150 1100 

500 1150 



550 1000 
550 1000 

"450 1150 
500 1200 
H50 1050 
500 1100 



Blank apaeea indicate vhere precise aeasureaents were not obtainable* 
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t^k 

cu?k 

ku?k 

bu?k 

lu?k 



500 950 

500 1000 

550 1100 

500 950 

500 1050 



"4 50 950 
550 1050 
500 1050 
"4 50 950 
550 1000 



500 1000 

550 1050 

500 1050 

'150 900 

500 1000 
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FIGURE 15 
[9] in closed syllables 
All tones Informant ^ 




FIGURE 15a 
Comparison of [5] [i] and [9] 
Various environments Informant k 




-FORMANT 
CHART 

of Cycli« p^r ttco^^d . 
6ctntlfnet6rj«|oc'AV« 
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vith /-m^ -n, -Q, -p, -t, -k/ as final consonants, with all 
six tones. 

As was demonstrated in the preceeding chapter and as 
is seen here, the domains of the nuclei segments [3], [l], 
and [9] are clearly separated in a restricted environment such 
as [t-n] with level tone. Whe - the environment is expanded to 
Include all six tones, but restricted to open syllable types, 
the domains of [I], and [9] are still clearly distinct 

from one another . When the environment is expanded to include 
closed syllables and all tones, overlap of the three domains 
does occur; but, this overlap is in a regular pattern, i.e., 
the domains move backward on the formant chart. 

To check and augment our data, we examined and ana- 
lysed the recorded material of Informant 3 according to the 
same procedures used with that of Informant Tables I6, 17, 

and 18 are the measurements of Informant ?'s [J], and 

[9], respectively, in open syllables, including all tones. 
Figures I6 , 17, and I8 are the corresponding graphic represen- 
tations on formant charts . 

Figure 18a presents the domains occupied by [3], El], 
and [9] in open syllables on one formant chart. Although 
Informant 3'b [I] and [9] show some marginal overlap, [3] is 
clearly separated and in general, three domains can be 
identified. 
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TABLE 16 

Pornant measureaents of complex nuei*i segment I5] Open syllable 
All tones Informant 3 



eycles/Beeond 



Scgroont f^] with tone [-] Segment C5] with tone C#^] 







1 






3 


14 


1 




2 






PI 


F£ P3 


PI 


P2 F3 


t-l t*5 t*3 


PI fr5 


Word PI PJI P3 


ri 


P2 P3 


PI P5 P3 






'750 


1800 


700 


1750 


700 1850 


700 1700 




750 


1950 


750 1900 


750 1950 






175Q 


700 


iBOO 


700 1700 


650 1850 




80Q 


1950 


750 1850 


750 1850 




700 


1750 


650 


1800 


700 1800 


700 1800 


til 


750 


1800 


750 1Q50 


700 1900 




700 


moo 


700 


1900 


700 1900 


650 1900 


xl? 


750 


1850 


750 1950 


750 1950 


lIT 


700 


1850 


700 


1900 


650 1850 


650 1850 














700 


1750 


700 


1900 


700 1900 


700 1850 












nr= 


700 


1900 


650 


1900 


650 1850 


650 1850 














700 


;?ooo 


550 


2000 


650 1900 


550 2100 












^15 


700 1950 


•700 


1950 


650 1850 


650 2050 












zTT 


550 


2000 


700 


1950 


650 1950 


550 2000 












hi? 


600 


1800 


550 


2000 


553 2000 


550 1900 













Sewnent [5] with tone t^] 



1 2 3 ^ 

Word Fl F2 F3 M f\ frj fI ^3 ^1 Jfj'j Fj 

900 1750 BOO 1800 750 1900 

Vcl'j 800 1900 800 1900 750 1850 

b^5 800 1750 850 1750 750 1800 

dl*) 850 1800 800 1800 800 1800 

1^5 850 1850 850 1750 800 1950 



Segment C5] with tone M 



word t^i pl n PI pl Pj n pl n pi pj 

cl^ 900 1850 850 1950 850 1900 

di^ 850 1900 350 1850 Goo 1950 

n^ 850 1900 850 1850 fiOO 1850 

ofj 850 1950 850 1850 G50 IB50 



Segment C5] with tone [v] Segment [5] with tone W ' 

1 2 3 ^ 1 ■ 2 3 Q 

Word PI n pr PI pa pr n ps P5~ pi pg pr word . pi pI p5~ p: ps pr pi p3 p3 pi p^ pr 

850 1700 850 1700 850 1700 800 1750 blT 850 1950 850 1900 850 2000 35c 1900 

• ti^ 900 1700 900 1700 850 1800 850 I80O dlT 850 1900 850 1900 800 1950 900 195Q 

di^ 900 1650 9Q0 1750 850 1750 800 1800 liV 850 1850 800 1900 850 1850 850 1950 

mJL5 850 1650 " 850 1700 800 1750 800 I800 



Blank tpaeea todieate vhare pr«eltt BaaiuraBenti were not obtainable. 
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pigurf: i6 

[^] In open syllables 
All cones Informant 3 
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TARLE 17 

Formant meaeurementa of complex nuclei segment [{} Open ByllabK* 
All '-ones Infornant 3 



cyclen/aecond 



[I] wit • tone [-] 



Segment £J] with tone C^] 



\snr-'. 




1 








1 




14 








2 




3 




n 




PI 












Hord ^\ 




PI 


F2 F3 


Fl 


F2 F3 


Fl 


?? 


inr 


'.<')0 


13'30 


6'^0 


1300 


600 


1^50 


600 


1250 






650 


1300 


650 


1300 


6 '30 


13U0 


tf-.rT 




13on 


600 


K'50 


6oo 


1250 


600 


1200 






750 


1300 


650 


1300 


^50 


1350 


cuTf 


700 




700 


1350 


6^0 


1350 


650 


1300 






700 


I'^OO 


6'jO 


1350 


6t)0 


1350 


dJT 




1300 


u50 


l-?50 


6Q0 


1?5': 


650 


1350 


ditfi 




650 


1350 


650 


1300 


600 


1350 


miiiT 






'^50 


1?50 


050 




650 


1250 


Imi 




650 


1350 


650 


1250 


600 


li<50 


sST 


t so 


1300 


650 


1250 


650 




<)50 


1250 






750 


1250 


650 


1250 


500 


1250 




650 


1300 


500 


13C0 


6 '30 


I3OQ 


650 


1250 


nu^ 




650 


1300 


650 


I'tOO 


Coo 


IU50 
























60c 


1350 


600 1350 


600 


1^*50 
























650 


1300 


650 


130P 


600 


1250 



ScKinent [t] with lone 



Word FT" 



FT" 



2 



FT" 



flOO IJJOO 
750 1J<00 

750 lJi5& 
75n 1350 



PI 



3 



FT 



750 l*iOO 
750 1350 
750 li^OO 
750 1350 



750 1350 

750 1350 

750 1^00 

750 1^00 



Segment [5] with tone M 
1 



Word 

Cmt 

ntui 



800 1500 
Boa lUoo 

800 1JJ50 



PI Fg F? PI F2 FT" Fl FT 



eao 1500 
650 i^iso 
600 1^*50 



FT 



750 1500 
850 1500 
800 l'J50 



Se>5ment tl] with t&ne [\/] 
Word Fl Pg F3 



ami 



pr 



850 1350 

850 I'lOO 
650 l'i50 

900 ifiso 
B50 1500 

850 1500 



FX 



B50 ll^OO 
900 1^50 
850 HOO 

goo I'ioo 

800 IL^OO 
850 11150 



FT 



1) 

TT" 



000 IHOO 

800 1450 

550 IHOQ 

S5O 1100 

800 1500 

650 1500 



Segment [I] with tone [n] 
1 



Word 

:^ 

t^ 



PI P2 FT 



FT 



2 

TT" 



750 1350 
750 liiOO 
750 1350 
750 1^00 
800 I'lOO 
750 1350 



FT 



3 

"FT" 



TT 



7.50 1350 
750 135a 
750 1350 
750 1350 
800 I'lOO 
750 1300 



FT 



750 1350 
750 1350 
7'30 1^00 
750 1350 
750 1350 
750 1350 



Blank ipacag Indicate where preelee a««auresente were not obtainable. 
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FIGURE 17 
[5] In open syllables 
All tones Informant 3 




Pormant m«aaurements of complex nuclei 
AU tonee 



TAl . U 

Tnrornant 3 



cyclea/second 



•nl 1 0 I wllh tone [ - 1 





Fi 


1 




2 










Word 


1 


2 




3 




'1 


F. F-! 


Fi 


F.' Fji 


Fl 




Fl 




PI Pjj Fl 


r2 Pi 


v\ 








t ^.TT 


70" 




7 on 


iroo 


7bO 




700 


1200 


u9 


550 


1050 


600 


■O'^O 


too 


llOii 


t.i~ 


7')0 




7 00 




700 


1,'OJ 


7 on 


12 00 


tcTo 


650 


lOQO 


600 


1000 


600 


loo: 




bSO 


'in 


700 




Goo 


l^OD 


Coo 


1200 


cdh 


r>no 


loco 


600 


1<>00 


600 


lu'f ■ 


CU ) 


(,S0 


iO'jO 


7'jO 


1.3^0 


750 




700 


1200 


bu9 


'jOO 


LOOO 


L. ID 


9SU 




9'^ I. 


niT-j 


'no 




600 


i«rnr 


600 


l^OO 


OOO 


1200 


Itfd 


600 


laOO 


600 


i,>ao 


'jOO 


1 1 • 


i-f 


.on 




^00 


1000 


'jOO 


lOO'l 


:>oo 


1100 


nuO 


ClOO 


1000 


6 on 




600 


lie- 




' 00 


lion 


600 


1100 


bUU 


l.?Dtl 


t'OO 


1100 
















V • F'i 


7 00 


1150 


700 


llbO 


700 


U'jO 


700 


1150 




















1100 


600 


lino 


bOU 


K'OO 


300 


1200 
















:• ii7 


' lO 


lonn 


1 no 


nor 


6P0 


1150 


600 


ll^jQ 




















lono 




l<?nr 




115n 




1200 

















Sep-noiit [t)l wltSi tone [n] 

1 i 3 

Word Fl F2 TT7 Fl TT f-i P3 t^j~ \\ F3~ 



cufe 
buO 
due 
lua 
tnuQ 



650 1050 
750 1200 
650 1100 
650 1150 
750 120u 
650 1100 



650 1100 
650 1200 
650 1100 
750 1200 
700 1150 
600 1050 



651 1100 
650 1200 
650 1100 
650 1150 
700 1200 
hOO 1150 



5ep;ment [e] with tone [~'] 
1 



2 



^1 ti-j 



Word Fl F2 F3 

du^ 70Q l.?50 750 1200 

luO 750 1300 750 1200 

zuQ 70O 1200 



3 



Fl FF" 



750 1250 
750 1250 
750 1300 



Fl t'^ F3 

7^0 L.J50 

750 125Q 

750 1250 



Se'p:tT>ent [a] with tone [v] 



word 



FT" 



850 1200 



PI f3 TT 

600 1250 

850 1200 

800 1200 



FT 



~T2 



750 1150 
750 1200 
850 1300 



Fl F2 TT" 
&00 1150 
Boo 1150 
350 1250 



Sei^rrent f e ] with tone [—0 
1 



Word 
lu? 



Fl 



F2 F3 



Fl 



F2 



750 1200 
750 1200 
750 1200 



750 1250 
750 1150 
750 1250 



Fl 



F3 



750 1150 
700 1200 
750 1250 



Fl 



F3 



750 115D 

700 ii5n 

700 1200 




Blftnk ipacei Indlcftte vbere preclie laaaiureBttnti vere not obtalnabi* 



PTGURR 18 
[9] in open syllables 
All toner, InforrriEint 3 
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FIGURE I8a 
Domains of [-5] [-i] [-9] in open syllables 
All tones Informant 3 




FORMANT 
CHART 



CaiihraUd tn hundred* 



6 ccntlmcttra « I octav* 
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Tables 19, 20, and 21 are the measurements of the 
three segments [3], [I], and [9] of Informant 3 in closed syl- 
lables with the final consonants /-m, -u, -o» -p, -t , -k/, in- 
cluding all six tones. Figures 19, 20, and 21 are the corre- 
sponding charts » 

Figure 21a is the composite chart showing all three 
nuclei segments in the three environments examined: [t-n] 
with level tone; open syllable with all tones; and closed syl- 
lables with all tones. As with Informant kj the overlap which 
is apparent is regularly conditioned with the domains becoming 
larger and movin/r further back on the formant chart. 



Formant measurements of complex nuclei 
All tones 



TABLE 19 

segment [;] Closed syllable 
Informant 3 



cycles/second 



F T va F3 Fi P2 TT" 



■'ment (^1 with tone [-1 

1^ 

VJorrl 
T^m 

!. l~jr. 
ii "PTn 
] U:n 
..l~t:. 



550 1900 
550 1950 
550 1900 
550 1900 
550 1950 
51>0 1900 



3 



550 1850. 
550 1950 
550 2150 
550 1850 
550 1950 
550 1850 



Fl F2 FT" 
550 1900 
550 1850 
550 2000 
550 2100 
5bO 2050 
550 1850 



Segment C5] with tone Q--] 
1 



Word 

tf^m 
kl;m 

ti^n 



PI Pk iFl fS Pj 



650 2100 
650 2100 
600 1950 

700 2150 
750 2200 



Fl F2 F3 
650 2050 
630 2000 
650 2050 



700 2100 
750 2000 



FT 



F«? 



650 305U 
600 2100 
600 1^00') 

700 21U0 
750 il'JO 



tITn 
ml^n 

i.r^n 

t^r?t 
nr^t 



550 2250 
550 2050 
550 2200 
550 2150 
550 2150 
550 2250 
550 2150 
550 2200 
500 2250 

500 1950 
550 1900 
550 1850 

800 1750 

800 1850 

750 1950 
800 1900 
750 1950 
750 2050 



550 2150 
550 1900 
550 2100 
550 2100 
550 2150 
550 2150 
500 2250 
500 2100 
500 2100 

500 1950 
550 1850 
550 1900 

800 1750 

800 1850 

750 2000 
750 1900 
750 1950 
800 2100 



550 2150 
550 1950 
550 2150 
550 2100 
550 2150 
550 2250 
500 2150 
500 2050 
500 2100 

500 1900 
550 2000 
550 1900 

800 i750 

800 1800 

750 1900 
750 2000 
750 2000 
750 2000 



tf^f) 
dl^O 



tl5p 
kf^p 

i^t 

tf^t 

ki^t 

ti^k 

di^k 



500 2050 
600 1950 
500 1950 



650 1850 

650 2000 

650 

700 1950 

650 1950 

700 1750 

700 1850 

750 1850 



Segment [5] with tone M 
1 



Word 
iT^m 
nl5m 



pr" 



P3 n Pi frs pr 



500 2000 

600 1950 
500 1900 



600 1900 
650 1800 

650 2050 
650,195.0 
650 2000 

700 1750 
700 1800 
700 1750 



3 



G(JO 1950 
600 2150 
500 1950 



600 iboo 
700 1900 

650 2200 
650 1950 
650 2000 

650 1800 
650 1800 
650 1800 



in: 



850 1850 
800 1900 



850 1800 
750 1750 



PI Pi P3~ 
800 1950 
750 1850 



vT^k 



750 1750 
800 1750 



Segment [3] with tone C^] 



800 1750 
800 1800 



900 1750 
800 1750 



ti5n 
li^n 
pT^n 

nl50 



850 2050 
800 2100 
800 2100 

750 1900 



800 2050 
85b 2000 
800 2100 

750 1900 



Word 


Fl 


pi 




PI 


Pi 


P5 


PI 




P3 


Pi Pi 












tl^m 








800 


1850 




800 


1800 




800 1850 












kl^m 








800 


1850 




800 


1850 




750 1800 












1^5m 








800 


1750 




750 


1800 




800 1800 




Segment [5] 


with 


tone Ml 




nJ5m 








800 


1800 




750 


1750 




750 1750 






1 


2 


3 


























Word PI 


P2 


P5 PI Pi P5 


PI P2 P3 


t^5n 








800 


2000 




800 


1950 




800 2000 




ti^ 




800 1800 


800 1900 


.li'^n 








800 


2000 




750 


1950 




750 1900 




nl^m 




800 1900 ' 


800 1950 


nbjn 








800 


2150 




800 


2000 




750 2100 








750 1900 


800 1950 




with 

1 


tone 


M 


2 






3 








tr^n 

t^r^ 




800 1950 

850 1950/ 


800 1950 
, 850 1900/ 


Word 


Pi 


PS 




PI 


Pi 


P} 


Pi 


. - P2 ■ 




Pi Pi 












^m . 








850 


1800 




800 


1700 




850 1800 








800 "1850 


800 1900 


t^i^m 








850 


1750 




850 1700 




850 laoc 












i«J^m' 








800 


1800 




850 


1700 




750 1950 













800 2000 
800 2100 
750 2200 

750 1950 



pr 



4 



-pT 



800 1900 
800 1900 
750 1950 

800 1900 

' 850 1950 
800 1900 
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850 1950. 

900 1800 



750 1900 



850 1700 



850 1650 



Blank apacea indicate where preciae meaaurementB were not obtainable. 



r 



FIGURE 19 
[ -5 ] in closed syllables 
All tones Informant 3 
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TABLE 20 

Formant measurements of complex nuclei segment [i] Closed syllable 
All tones Informant 3 



cycleo/oecond 



tuTIm 



with tone [-] 

1 



-PL. 



PI 



F3 



600 1200 
550 1350 
600 1200 



3 

Fl F2 F3 
600 1200^ 
550. 1350 
550 1250 



Fl F2 F3 
600 1200 
550 1350 
?50 1250 



Segment [i] with tone [<] 
1 



Word 
bSlm 



miuSn 



^1 F^ 



F3 



FT 



F^ FT 



•500 1250 



500 I'tOO 



_F1_ 



500 1250 



600 1500 



PI pT' 



iTfn 
L'iiTij 



500 1300 
500 I'tOO 

550 m^o 

550 1350 
550 li«00 
550 I'JOO 
550 1350 
550 1*100 
550 1350 



500 I'JOO 
500 l'»50 

550 I'tOO 
550 1350 
550 l^JOO 
550 1350 
500 1300 
550 l^JOO 
550 135Q. 



500 I'tOO 
550 1350 

550 1350 
550 1350 
550 i^JOO 
500 1350 
500 1300 
550 1350 
550 1350 



tmit 
Ituit 



150 1200 
500 1250 
500 1300 

700 1350 
700 1350 

650 l^QQ 
650 1350 
650 1^400 



'150 1200 
500 1250 
'jOO 1300 

650 1350 
700 iJJOO 

650 1^450 
650 1300 
600 1500 



VjO 

':«jO i;::oo 

uoo j.'-r.n 

650 i3'jo 

650 1350 

650 1^150 

650 1350 

600 1500 



Ser^ment [J] with tone [ \] 
1 



ttuik 
t^uilk 
ktuik 
' builk 



70a 1300 
650 1300 
650 1300 
650 1250 
650 1250 



700 1300 
65^ 1300 
650 1300 
650 1250 
650 1250 



lui^m 



750 liJOO 



700 1350 
650 1300 
650 ■ \iO 
650 1250 
650 1250 



Word PI F2 rj 


Fl 


Fk F5 


Fl 


F2 F3 


Fl 


P2 F3 


























Ctu^m 


750 


1350 


750 


i'J50 


700 


1^400 


Segment [I] 


with 


tone 




















kiulm 


700 


1350 


700 


iJJOO 


750 


lHQQ 




. 1 






2 






3 










nittlm 


800 




750 


1350 


750 


1350 


Word Pi 


P2 


F? 


PI 


P2 


F3 


Pl 


P2 


F? 


Fl 


F2 


F3 


























zmlm 


700 


1400 


700 


1350 ■ 


■ ' 7 5o' 


1300 ■ 


uln 






700 


1650 




700 


1650 




700 


1600 




cuiin 


650 


1500 


700 


1500 


700 


1550 


lui3^r) 






750 


1350 




750 


1350 




750 


1300 




vujin 


750 


1550 


750 


1500 


750 


1600 


kudli] 






750 


1200 




750 


1300 




700 


1250 




suj^n 


750 


1550 


750 


1550 


750 


1550 








750 


1250 




750 


1300 




700 


1350 




ttutrj 


700 


l400 


650 


1300 


650 


1350 


























ciuSi) 


700 


I'lOp 


■650 


1350 , 


750 


1300 


Segment (j] 


with 


tone 


C-il 


















Imtt) 
huTli 


650 


1350 


650 


1350 / 


750 


1350 




1 






2 






3 










Word PI 




F? 


Fl 


p2 


F? 


Pl 


Pi 


F? 


Pl 


Pi 


F? 


650 


1350 


700 




700 


1350 


dui?m 






700 


liJ50 




750 






750 


1350 





750 1^100 



750 1350 



lui?n 
mui^ 
vui?n 



700 1350 
800 

750 llOO 



750 l^lOO 
800 1'450 
750 1350 



800 

800 1^150 
750 IHQQ 



Segment [II with tone M 
1 



Word 
..tijJiij 



•erIc 



Pl P2 P3~ Pl P5 P5~ 



700 1250 
TOO 1250 
800 1250 



pr 



700 1250 
750 1250 
750 1300, 



pr 



~P2~ 



700 1200 
750 1250 
750 1300 



s lAdlcftte vbere precise ■•asttreaeot* were not obtainable. 



twfrj 
lu^O 
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750 1350 
700 1300 
700 1I00 



700. 1350 
700 1300 
750 1350 



750 1350 
700 1350 
700 I'JOO 



cui]/t 


800 liJOO 


'750 1350 


700 1^400 


mul?t 


700 liJOO 


700 liJ50 


700 li<00 




750 1350 


750 1350 


750 1350 


zm^ 


750 llOO : 


750 llOO 


750 1350 


dui?k' 


700 1256 


700 1200 


700 1200 




700 llOO 


700 I^IOO 


700 1 ft 00 


OwPk 


700 1200 


700 1200 


650 1150 



FIGURE 20 
[5] in closed syllables 
All tones Informant 3 
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TABLE 21 

Formant measurements of complex nuclei segment [3] Closed syllable 
All tones Informant 3 



cycles/second 



Sc-rmonL LjJ with tone [-3 



\Jovtl 
ciTi-n 
r'lTjr:. 

'*.uTn 
lu'jn 

cuT'j 
bilT'j 
liJIri 



n — F? — p-r 



2 



500 1100 
'J50 1050 

500 1300 
500 1300 

500 1300 

500 1300 
500 1350 

500 1050 
500 1050 
'150 750 
500 1050 
500 1050 



FT 



' 500 1050. 
500 1050 

500 1300 
500 1300 
500 1300 

500 1300 
500 1350 

500 1000 
500 1000 
500 1000 
500 1000 
500 1000 



k 



500 1050 
500 1050 

500 1250 
500 1300 
500 1300 
500 1300 
500 1300 

500 1000 , 
500 1000 
■300 1050 
500 1050 
500 1000 



Segment [9] with tone [^3 

1 



Word 
|i(i9m 

kuSn 
mudn 

cu9() 
muOfj 
hu9«j 



^1 Pj 



FT 



2 



TV 



U5Q 950 

'<50 1250 
500 1250 

i\50 950 

^150 1000 

'<50 950 

'<50 950 

600 1250 
650 1300 
600 1250 
600 1250 



pT 



3 



Pj 



950 

'J50 1250 
500 1200 

JJ50 950 

'150 1000 

ii50 950 

1*50 r»50 

600 i;;50 
650 1250 
600 1200 
550 1250 



Fl Fk FT' 
i<50 550 

450 1250 
'J 50 1200 

'150 9'jO 
500 1000 
i(50 1000 

^iso 950 

600 1250 
6OU 1200 
600 1250 
600 1250 



t^u9k 

ku3k 

d(lak 

RUOk 



600 1000 
650 iObO 
650 1000 
700 1000 



650 950 
650 1000 
650 950 
700 1050 



700 1050 

650 1000 

650 950 

650 1000 



Sej^mcnt [0 3 with tone [^} 
1 



Word 
bu9n 

tuOn 
cu3n 



Pi 



FT 



2 



600 1000 

600 1300 
650 1500 
600 1350 



^1 Pi FT 
600 1000 

600 1300 
650 1350 ■ 
650 1300 



FT" 



~F3- 



3: 



550 1050 

600 1350 
650 1300 
650 1350 



Segment [e] with tone M 
1 



Word 
kuSm 
muOm 

nu9i) 



?. 



650 1200 
700. 1200 

650 1000 



FT 



650 1150 
700 1250 



650 1050 



FT" 



F3 



650 1200 
700 1250 



tudi) 
bu9i) 

lu3ij 



600 1000 
600 1000 
600 1000 



Segment [9] with tone M 
1 



Word l^i F2 P3 Pi pi p-j 



th^e-j 

V 

sue I) 



700 1100 
700 1050 



650 950 
650 1000 
650 1000 



FT" 



F3 



700 1150 
700 1050 



650 loop 
650 1050 
650 1050 



FT 



HE 



700 1100 
650 1050 



Blank apaeea indicate vhare prctcite meitauraaentt vara not obtainable. 



Segment [ej with tone [—1] 



1 


2 










Word PI F2 P3 


PI P2 


P3 Fl 


fI P3 


PI 


F2 F3 


— n 

pudra 


700 1250 


750 


1250 


700 


1200 


kuifn 


700 1350 


700 


3 350 


700 


1350 


mu^n 


750 1350 


750 


1300 


750 


1300 


gui*n 


650 1300 


700 


1100 


700 




ku9i) 


700 1100 


■ 650- 


1150 


600 


1100 




700 1200 


700 


1250 


700 


1200 


tu3t 


700 1300 


700 


1300 


700 


1350 


cue't 


700 1300 


750 


1350 


750 


1350 


bu?t 


600, 1250 


700 


1300 


700 


1250 


suS't 


650 1300 


650 


1250 


600 


1250 


t^Sk 


700 1000 


650 


1050 


650 


1100 


c®k 


700 1100 


750 


1150 


650 


1050 


kv?k 


650 1050 


700 


1100 


700 


1200 


b®k ' 


700 1100 


700 


1100 


650 


1050 


liS'k 


700 1100 


650 


1150 


700 


1.150 



ERIC 
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FIGURE 21 
[3] in closed syllables 
All tones Informant 3 
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FIGURE 
Comparison of [5] 
Various environments 



21a 

[i] and [9] 

Informant 3 
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CONCLUSIONS 



After carefully considering all the data presented, we 
came to several cv^xi elusions regarding Vietnamese complex nuclei 

1) In Chapter 3, it was established that the first 
segments of the complex nuclei [I^], [tul], and (U9] could be 
clearly assigned to the phonemes /i/, /lu/, and /u/ . It was then 
demonstrated that the analysis of [5], and [6] as the 
three separate phonemes /e/, /o/, and /o/ was that most con- 
sistent with the phonetic phenomena. Experiments with the 
complex nuclei in more varied environments as delineated in 
Chapter k support this analysis as a valid one. 

2) With regard to the question of whether the differenc 
between the sequences spelled "-ia", "-u%l'', ''-ua" in final 
position and '-i6-" > ' -ub*-" , "-u6-" in medial position are so 
great that they should be considered as two different phonemes, 
we can say that our preliminary phonetic transcription of [I3], 
(^l], and [U6] for both sequences is supported. Although the 
location of the domains are shifted slightly backward in 
closed syllables, they maintain a relative distinctiveness, 
and the differences among the domains in closed syllables are 
comparable to those in open syllables. If [5]> and [9] 
are demonstrated as being three different vocalic qualities in 
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open syllables, they should be so analysed in closed syllables 
In closed syllables or open, spelled ''-ia'^ ''-u^a*' , "-ua^' , or 
' -ub'-", ''-"U6-'', our phonetic interpretation of these 
complex nuclei as [i^], [ujI], [u9] is adequately supported by 
the acoustic data. 

3 ) We also noted that tone and consonant influence on 
the complex nuclei is very similar to that observed on the 
simple vowels /e/, />/, and /o/. As vas mentioned earlier, 
there are also distributional characteristics associated with 
/y/ and /w/ that make [5] similar to /e/, [9] similar to /o/, 
and [i] different from /e/ and /o/ and more similar to /o/. 

Therefore, it is our conclusion that the complex syllabi 
nuclei are best analysed with [5] as an allophone of /e/ , [i] 
as an allophone of /e/, and [9] as an allophone of /o/, making 
the complex nuclei phonemically /ie/, /tua/, and /uo/. 
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